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PREFACE 


This handbook is the last of six handbooks on artillery ammuni- , 
tion and forms a part of the Engmeering Design Handbook Series of 
the Army Materiel Command. Information concerning the other 
handbooks on artillery ammunition, together with the Table of Con¬ 
tents, Glossary and Index, will be found in AMCP 706-244, Section 
1, Artille ry Ammunition--General . 

The material for this series was prepared by the Technical 
Writing Service of the McGraw-Hill Book Co., based on tecluiicai 
information and oata furnished principally by Picatinny Arsenal. 

Final preparation for publication was accomplished by the Engi¬ 
neering Handbook Office of Duke University, Prime Contractor to 
the Army Research Office-Durham for the Engineering Design 
Handbook Series. 

Agencies of the Department of Defense, having need for Hand¬ 
books, may subm.it requisitions or official requests directly to 
Publications and Reproduction Agency, Letterkenny Army Depot, 
Chambersburg, Pennsylvania 17201. Contractors should submit 
such requisitions or requests to their contracting officers. 

Comments and suggestions on this handbook are welcome and 
should be addressed to Army Research Gffice-Durbam, Box CM, 

Duke Station, Durham, North Carolina 27706. 
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MANUFACTURE OF ^ 

METALLIC COMPONENTS OF ARTILLERY AMMUNITION 

INTRODUCTION 


6-1. Objectives in Desig n. Design of compo¬ 
nents of artillery ammunition seeks to accom¬ 
plish objectives set forth in requirements of 
service. Design and the expedients of available 
material and manufacturing methods must be 
correlated to minimize drain on stockpiles and 
man-houi's in times o* emergency. Principal 
metals employed for a round of artillery are 

(1) steel for the shell, (2) brass for the cart¬ 
ridge case, and (3) copper for the rotating 
band. Steel is also employed successiully for 
certain types of cartridge cases. 

6-2. Reasons tor Use of Steel and Brass. The 
low cost of steel and its ready adaptability to 
. a wide variety of specifications, especially 

those for strength and hardness, virtually rule 
% r out any other material from consideration, as 
far as the shell is concerned. Cartridge brass, 
despite its higher cost, owes its traditional 
employment chiefly to the ease with which it 
may be drawn into a thin-walled case, its re¬ 
sistance to corrosion, and its successful per¬ 
formance of the function of obturation. 

6-3. Selection of Ma.ilpulative Techniques. 
Means employed to cause metals to assume the 
desired form include (1) casting in a mold; 

(2) squeezing and drawing, either hot or cold; 
and (3) machining. Selection of one or more 
of these techniques, in an appropriate sequence, 
is governed by considerations of both cost and 
adaptability. Thus, while it would be possible to 
machine a large shell out of a solid bar, it is 
cheaper to forge hot and finish on the lathe. 
Similarly the ea.siest way to make a cairtridge 
case is (1) to blank out a disk from rolled 
strip, (2) to cup it and, (3) by successive draws 
and intermediate anneals, to extend the metal 
into a long, cylindrical thin-walled container 
having the necessary combination of plasticity 
and resilience to expand with the gun tube at 
the instant cA firing, and to retreat sufficiently 


to render withdrawal easy. A method of manu- 
fact iring cartridge cases by spiral wrapping of 
sheet steel is also coming into inci eas^ use. 

6-4. P rogress in Manu f acturing Techniques. 
Use is being made cl the techniques of powder 
metallurgy for the manufacture of rotating 
bands and other parts that lend themselves to 
this method. Use of cold extrusion methods 
promises a supekdor shell body, having the 
required physical (including fragmentation) 
characteristics, from a slug which exceeds the 
weight of the finished carcass by only a few 
percent. However, throughout the period in¬ 
cluding the First and Second World Wars, a 
few changes which could be regarded as radical 
departures from pre-existing practice took 
place. Cartridge case manufacture is still more 
or less uncharged, although the labor of hand¬ 
ling components has been greatly reduced. A 
noteworthy forward step in the rase of high- 
explosive shell was the forge finish of the 
cavity. This saved much expensive machining. 

6-5. Casting Versus Forging of Steel Shells has 
attracted the attentiou of many ordnance en¬ 
gineers. The principal resistance to casting 
high-explosive shells arises from a justifiable 
skepticism about the integrity of the finished 
article. Cast steel, excefit under high hydro¬ 
static heads, is especially prone to blowholes 
on account of its relatively high melting {mint, 
as compared wUh cast Iron. Centrifugal cast¬ 
ing has been proposed but never seriously 
considered. Tank hulls, however, were suc¬ 
cessfully cast during World War 3 and the 
possibility of casting high-explosive shell with 
the aid of shell molds cannot be overlooked. 

3-6. Influence of Hot Versus Cold Work on 


Steel. In hot-forging, as distinct from cold- i 

working, the temperature of the steel always | 

exceeds tlie critical range. Hence, the micro- | 

structure of the steel is austenitic. No amount I 
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of deformation while in this condition injures 
the steel in any way; on the contrary, it im¬ 
proves it. Cold-worked steel can always be 
d* jtinguished from hct-forged stock, under the 
microscope, by the appearance of the grains. 
Cold-working tends to elongate the grains 
whereas hot work breaks up the large crystals, 
which tend to form at elevated temperatures, 
into a line grain of normal polyhedral pattern. 
However, if steel is subjected to tension while 
at forging heat, the amount of elongation to 
which It can be subjected without cracking de¬ 
pends upon the cleanliness of the steel. Dirty 
steel (including high-sulfur steel), 11 ex¬ 
tended sufficiently under the rolls, may exhibit 
cracks. 


6-7. Hot Work Produces Satisfactory Shell. The 
familiar pierce-and-draw process of manufac¬ 
turing steel shells subjects the steel to far less 
risk of cracking from overextension than the 
rolling dowi. in the mill. Manufacture of shell 
forgings by hot work is an eminently satis¬ 
factory method. It does entail, of course, the 
machining of the exterior of the forging and the 
removal of a considerable quantity of steel. 
The latter is conserved by circulation through 
the open-hearth furnances as scrap. 


6-8. Influence of Cold Work on Physical Prop¬ 
e rties of Steel. The principal results of cold 
work are a considerable increase in tensile 
strength and a large loss in ductility. Yield 
strength increases as the cioss section is de¬ 
creased. With reductions of 30 to 70 percent, 
it is at least 90 percent of the tensile strength; 
and lor greater reductions, yield strength and 
tensile strength may for all practical purposes 
be the same. Figure 6-1 shows the stress- 
strain curves of cold-worked, low-carbon steeL 
Figure 6-2 shows the influence of carbon con¬ 
tent on the gain in tensile strength arising 
from cold work. 


6-9. Extrusion for Shell Manufacture. Steel, 
especially low-carbon steel, can, it is now 
known, be made to flow under sufficient pres¬ 
sure into the form of an artillery shell or 
cartridge case and to acquire, in the process, 
the required physical properties. Under favor¬ 
able circumstances pressures of over 200 
tons—many times in excess of the yield strength 
of the steel —may be applied without fear of 
rupture. Also, deep-drawing operations charac¬ 
teristic of cartridge case manufacture may be 



fttductiori by cotd working, per cent 


Figure 6-1, Stress-sirain curves of cold- 
wcrked, low-carbcn steel 



Figure 6-2. Effect of cold working on the 
tensile strength of carbon steel, gain in 
tensile strength versus area reduction 


6-2 
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carried out to the extent of a 55 percent reduc¬ 
tion, an amount far In c^cean of normal limits. 

C-10. Advantages of Extrusion over For ging. 
Among the axtvantages claimed forextrusio'^are 
(1) the enhancement of phyt leal properties, by 
cold-work, beyond the requirements of the 
specifications for steel shell; (2) the elimina¬ 
tion of Leating facilities for foiglng and heat 
treatment; (3) the avoidance of a rescr^ to 
critical alloys. Manganese content Is greatly 
reduced, savings up to SO percent being Indi¬ 


cated. Further, there appears to be a remark¬ 
ably low percentage loss of steel in cold ex¬ 
trusion. For example, a 75-mm shell weighing 
8.9 pounds starts with a 9.22-pound slu^. The 
key to successful operation lies in the proper 
application of zinc phosphate to tns surface of 
the shot-blasted and pickled slug and auccessive 
squeezes. The metal phosphate acta as a''host'’ 
to the sodium stearate soap lubricant to avoid 
sticking and tearing of the component against 
the extrusion tools. 
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POtGINQ or HE SHELL 


6-11. Steel Vited Early In World War H. SheUa 
w«n forged from a steel kncnm u X-1S40, 
vhlcb had the foUoviog composition: carbcn, 
0.S5 to 0.4S percent; manganese, 1.35 to 1.55 
percent; phosphorus, 0.45 percent maximum; 
sulfur, 0.075 to 0.15 percent. These are rela¬ 
tively high percentages erf manganese and sul¬ 
fur. High manganese content was originally in¬ 
tended to secure the required physical proper¬ 
ties (on cooling from forging temperature) 
without subsequent heat treatment, manganese 
being a hardener. The amount by which 0.01 
percent manganese increases the tensile 
strength varies with the carbon content from 
too to 500 psl. The Increase in the yield 
strength is somewhat more than this, 50,000 
■ psi, accompanied by good ductility, being easily 
t attained with nenganese la excess of 1.0 per¬ 
cent, prcsrlded the cooling is rapid and uniform. 
While the nhyslcal requirements were met in 
the smaller shells, difficulty was experienced 
with the 15S-mm on sccount d the hl^r ratio 
of T(^me to heat-robbing surface. This ac¬ 
counts for the decision of the Ordnance I>e- 
partment to sftept a steel with lower manga¬ 
nese content and to c^aln the required me¬ 
chanical properties by heat treatmenL This 
action also saved cocnieterahle quantities of 
manganese, which was in short supply, and 
simplified the work of the forge by eliminating 
alr-blant cooling; however, the work in the 
machine shop was increased. 

8-12. Objections to High Sulfur Content . Re- 
ductioa at the manganese content of the'steel 
would have necessitated a reduction in the sul¬ 
fur in any event, since there is a limit to the 
amount of sulfur with irtiich manganese will 
combine to form manganese sulfide and thus 
rid the steel of Hie more obiection''*'le iron 
sulfide. Lower percentages of sulfur were de¬ 
sirable, however, for other reasons. First, 
manganede sulfide is aLmost completely In¬ 
soluble in solid iron. Consequently, when the 
iron solidifies manganese sulfide is present in 
the mass of metal as discrete particles. These 
particles, if present in large quantities, as a 
result of excessive sulfur, may have a dele- 
t terlous effect on the ductility and impact re¬ 


sistance of the steel, la general, as far as 
steel for shells is concerned, high sulfur con¬ 
tent was believed (1) to contribute to non¬ 
uniformity in quality; (2) to be respcmsible for 
transverse weakness and red shortness, giving 
rise to longitudinal cracks at the open end of 
the shell; and (3) to occasional surface defects. 
High sulfur content does, however, promote 
free mrchlnlng. But above all other considera¬ 
tions, the presence of large quantities of high 
sulfur shell-steel scrap (crop ends, scr^ 
forgings, lathe chips, etc.) was a menace to the 
quality of other steels in the mill whose sulfur 
eoide^ were normaL 

6-18. gteels Used After World Wav H. Steel 
which replaced the older X-1340 had the fol¬ 
lowing composition: carbon, 0.60 percent max¬ 
imum; silicon, 0.15 to 0.35 percent; manganese, 
1.00 percent maximum; sulfur, 0.06 percent 
maximum. Maximum percenta^s of residual 
ingredients were given as 'oUows: nickel, 0.35 
percent; chromium, 0.30 percent; coiner, 0.25 
percent; together with the proviso that the sum 
of the percentages of nickel, chromium and 
copper must not exceed 0.50. This steel had 
no noticeable influence on the amount of work 
required in the forge shop. There was a i^ce- 
able ansence of any tendency to crack, espe¬ 
cially at the open end of the forging. Tbf$ work 
of the machine shop, however, was inczjeased. 

6-14. Prevailing Shell Steel Spectflcatioris. The 
chemical requiiraments of shell steelsj as of 
17 February 1953, are shown in table 6-1. 

i 

Grades WDSS 1 and 2 are used for thie most 
part for 60-mm and ai-mm mortar shell forg¬ 
ings; also for the 57-mm recoilless gun shelL 
The other grades cover all caUbers from 
S7-mm to over 155-mm, in which the yield 
strengths vary from 60,000 psl to 80,000 psl. 
AU shell steel is made by tte basic open- 
hearth process to fins grain practice, isUicon 
0.15 to 0.30 percent. Bessemer steel nc^er has 
been acceptable for shell bodies becausb of its 
low notch toughness, especially at iMsero 
temperatures. The currentspeeificatiaafor bat- 
forged artillery shell is identified as MIL-S- 
10520C (cmo). 
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Table 6-1 



lo the tbove ateeli, incidental elementa shall not exceed the foUovInc; nickel. 'S per¬ 
cent; chromium, 0.20 percent; copper. O.SO percent; molytxlGnna, 0.00 percent. 


6-15. Shapes From Which Shell Forgings Are shown were standartUxed at a t io when the 
Made. The modern hot-forged shell blank starts Ordnance Department purchased s.iell forgings 
as a billet, parted off from round stock or from prime contractors. Later on, when shell 

square stock with rounded corners. In the machiners purchased shell forgings dlrectlf 

familiar plerce-and-draw process, the square- from the forge plants, no fixed outside dlmen- 

stock type has the advant^e (more fully dls- slons existed. In coaseqv>'ace the same shell 

cussed elsewhere) of imposing less severe duty forger made shell forgings to different dimen- 

on the punch, since lateral movement of the slons at various times, or even at the same 

steel takes place as the die pot is filled, thus time, if he had orders from several shell 

limiting the extent of rearward extrusion. machiners. The desirability at saving weight 

caused changes ia these dimensions to the 
6-16. Specifications. Military specification for point vrhere they lost their original signill- 

shell steel covering the compositions shown in cance. Cavity sizes, at course, persisted, since 

the table above are the following. the cavity was finished ia the forge, apart 

Fcderfd. QQ-M-lSl— Metals: GeneralSpec- from the small amount of material removed 

ificatloo for Inspection of. by shot blasting. 

MiUtary . MIL-M-11266 - Macroetch Test 

and Macrographs of Steel Bars; MIL-M-12286— 6-18. Billet Separation. The great majority of 

Macroetch Test and Macrographs for Resul- shells are forged from single or double slugs 

furlzed Steel Bars, Billets and Blooms. parted off from the main billet or bar. Sepa- 

S tardard. Military, MIL-STD-129 —Markhig ration may be effected in various ways, es- 

of Shipments. pecially by (1) shearing, (2) sawieg, or (3) 

flame cutting; (4) "nick md brtak” was also 
These specifications (1) cover the quality of the widely used. The first three do not permit 

steel; (2) indicate permissible variations for effective inspection of the separated surfaces 

check analysis; aixl (3) deal with the matters of for secondary pipes, cracks and boles. Break- 

internal soundness, (4) extent of the discard tng does, but silvers and rough breaks occasloo- 

from the top and bottom of the ingot, (5) identl- ally mask holes aad cracks. Moreover, steel 

ficatloo by heat number, and (6) surface con- breaks at times with a loose sliver which is 

dltion. They also exhibit permissible variations net easily detected if it lies flat against the 

from size and straightness; and deal with sam- broken surface. Such a sliver would end up as 

pllng. Inspection, and test procedures. Notes a sliver in the cavity and be detected on shot 

are also appended on preparation lor delivery blastlrg, causing rejeettja of the forging, 

and orderl^ data. 

For shearing, the bv must be heated to at 
6-17. Shapes and Dimensions of Shell Forgings. least 80*F to avoid she.Tiing cracks. Even so. 

Figure 6-3 gives information on the shape and if the slugs are not deBvered to the furnace 

dlmensicns of forgings for 75-mm, 90-mm, and within a few hours or days at the most, cracks 

lOS-mm shslL These data were laid down for may develop unless the steel has been heated 

World War H manufacture. The dimensions to 200*F. Among the methocis available for 
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DIMENSIONS OF SHELL FORGINGS 


Figure 6-3. Dimensions of shell forgmgs 


separation of the slugs from the bar, shearing 
Is the cheapest. However, shearing of rounds 
is limited to 3 inches diameter, although some¬ 
what larger squares are sheared. Nicking and 
breaking is the cheapest method for large 
shells. Sawing and flame cutting give square 
ends that make It easier to set the slug upright 
on me rotary hearta of the heating furnace. 

8-19. Billet Scale and Descaling. Shell steel 
bars, when delivered to the forge, are covered 
with a light scale and occasionally with rust. 
The amount of scale formed and its nature vary 
with furnace heating time, temperature, and the 
composltlcui of the shell steel and of the fur¬ 
nace atmosphere. Scale is abrasive and ruins 
tools and dies. A nonretentlve scale Is desired, 
that Is, one that can readily oe knocked off in 
its entirety. Scale on a round slug can be 
cracked off with an end squeeze; another method 
employs serrated rolls. Water jets driven by 
high pressure (2,500 psl) are effective without 


appreciable cooling effect. A thin skin only Is 
affected in the second or so of contact between 
high-pressure water and the steeL Reheating 
cf the thin, cooled skin by tho beat in the body 
of the slug is rapid. 

6-20. Shell Forging. The apparently simple 
process of forging a shell from a heated slug 
is actually beset by many pitfalls. Modern 
techniques have grown out of extensive develop¬ 
ment. Earlier and more direct methods cen¬ 
tered about forcing a punch into a round slug 
previously raised to forging heat and placed in 
a (lie or '^ot'' which it filtv^d loosely. Tne metal 
rises around the punch, much alter the fashion 
of drawing on a henvy steel glove. The load on 
the punch under these circumstances is very 
severe, and its life is short. The surface cf the 
punch deteriorates rapidly, giving rise to rough 
cavities which have to be machined. “Wash" 
heating of tne slugs (hasty heating causing sterp 
temperature gradients from the hot exterior to 
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tht cooler Interior) forces the punch to run to 
the side, producing "thlck-and-thln" forgings, 
difficult to mschlne snd wsstcfui of steel. 

Punches sre now mads of alloy steel and are 
lubricated. The load cn the piercing press Is 
reduced by performing the forging process In 
two steps. First a cup is formed In the press; 
this cup Is then mounted on a mandrel and 
pushed throuf^n a series of rlr^ dies of gradu- 
ally diminishing size to draw out the body of 
the forging. 

Possibly the most significant change between 
the two World Wars has been the use of round* 
cornered squares In place of rounds for the 
slugs. The load on the punch Is reduced, since 
lateral flow of the steel to fill the die reduces 
the amount of backward extrusion, as well as 
ths work required to change tht shape of Ui# 
slug to that of a cup. 

8-21. Objectives In Shell Forging. The effort to 
produce accurate, minimum-weight shell forg¬ 
ings arises from the necessity of saving steeL 
During a war, sheila are manufactured In latro- 
nomlcnl quantities, snd demand on steel capac¬ 
ity Is correspondingly heavy. The remrn of 
scrap and chips to the mills reduces the load on 
the blast fur: ace, and la a necessary part of the 
material requirement of the open hearth. Trans- 
portatloo IS another factor. Tools need be con¬ 
served. Power used in the machine shop is less 
if only a thin roughlrg cut h's to bt mads. 
Weight may be saved at the OLU.de diameter, 
also on the length snd on thickness at the base. 
But enough metal has to be left to make sure 
that a high percentage of forgings will ''clean 
up" during rough turning without leaving any 
black spots. 

Sr eral distinct improvements have been suc- 
cecslul: (1) the so-called French extrusion 
process, in which s plunger moving downward.<i 
within a cylindrical die extrudes the slug over 
a punch which sits upright with Its nose within 
the die; (2) use of mechanically operated 
presses, such as bulldozers and upsetters; (2) 
application of cross rolls (familiar In the man¬ 
ufacture of seamless tube) to the extension of 
the cup produced by the piercing press; (4) the 
"one-shot" process, in which the base of the 
die drops downwards under s controllable pres¬ 
sure, thus minimizing rearward extrusloaof the 
steel and relieving the load on the punch. 


8-22. The Ons-dhot Me *’ -A Figure 8-4 Uhie- 
trates dlsg.'afflmatlcaJt> le progresaive stages 
la the one-rhot piereirs' process that le cred- 
Itod with producing smooth, aatln-liks cavities. 
The profile of the piercing i»iKh must, of 
courts, be that of the cavity In the shell. Since 
the ordinary Mgh-explotlve ahsll has a fairly 
large length-to-cavlty diameter ratto, the pierc¬ 
ing punch is much longer and more slender than 
the punch required for the more familiar 
dou^Je-operatlon sequence of ^erce and draw. 
Provision of a retreating base In the die averta 
the limitations eacoantered when sheUs were 
pierced in oet ga 

In the one-shot pnresc. frictlca between the 
exterior of the slug tad the die tends tohtdd 
the forging against the die walla, whlla the 
’ .inch makes its way Into the Interior of ihe 
slug, extending it as the base of the die drops 
when the thrust upon It exceeds s predetsr- 
Bolned adjttstabls value. Slug temperatures must 
be high and heating ehould be anllorm if "ma- 
out" of the long and relatively slender punch Is 
to be avoided. A raodUlcatlon of ths ons-shot 
proceu calls for the ues of s second press 
where the bottom of the forging is ssC 

Figure 8-8 Is a diagrammatic cross-section 
through a "one-shot" press. The piercing 
punches are fastened to s turntable which Is 
Indexed M* after each pterelng operatloa. This 
gives the punches a chanct to cool ofi and to 
be lubrlci^ for the subsequent operation. 
After the first turn through a right angle, the 
^ch which has Just been at work Is sprayed 
with oil. Another qnnrter turn and It In Im¬ 
mersed In oiL A third quarter tom and It is 
In ths Inspection position. The means whereby 
the bene of *he die (marked "resistance pla'O 
descends as Uts pressure upon it exceeds a 
predetsrmined pressure are clearly la evi¬ 
dence. This relief pressure is adsptad to ths 
variable reslatuee of shell steel at fargiag 
heat to change of shape; and to vaziatioas la 
ths frictional resletanee of the interior of the 
(he with wear. Punches la this operatloa ham 
to be carefully guided, as Indlcitad by ths sz- 
tensive punch guide on top of the die. 

8-23. Hydraulic Piercing for Subsequent Draw¬ 
ing. In the prveeae described .in the preceding 
paragraph, the entire actioo takes pl^ la the 
piercing die unleaa a second operatloa to aet 
the bottom of the forging te nae^ The greatest 





I 


? 

dCOWCTWW IM LENGTH 
SHOWS BtLLET HAS 
■UMPCQ UP AT TOP 
M THE OIC 


3 

nHTTHCN SLIGHT 
REDUCTION IN 
LENGTH SHOWS 
MORE BUMP UP 
m TOP OF DIE 


4 

BASE RETRACTION 
HAS COMMENCED 


5 

BASE RETRACnCti 
HAS CONTINUED 


Figure 6~4. Progressive stages of oke-skot piercing method 


part ot high-explosiTC abell manufactured dur* 
inc World War C, however, was forged In two 
ma)or operatioos, the "pierce" and toe "draw". 
Many minor variations of the piercing or "cup> 
ping" operaticm appeared. Sometimes the die 
pot eras inverted, the punch entering from 
below, partly to facilitate the removal of scale 
but principally to secure concentric entry of 
the punch. If a cylindrical or prismatic slug is 
placed in a tapered die set upright, it tends to 
rest against one side of the die, causing eccen¬ 
tric entry of the punch. There is less liklihood 
of this happening in the case of an inverted 
(UB. Figure 6-6 shows the arrangement of the 
tods of a hydraulic press for inverted piercing. 

6-24. Round Versus Square Slugs. During World 
War n the use of round stock for shell slugs 
was restricted, on account of its higher cost 
as compared with round-cornered square bil¬ 
lets. But there is less rearward extrusion, 
that is, flow of metal in the direction ofiposite 
to that of punch traveL In fact, in the early use 
of the round-cornered square it was hop^ to 
avoid reararard extrusion (with its consequent 
eroeion of punch and die) by making the area 
of ttie original square equal io that of the final 
annulus. Actually the slug is shortened by the 


pressure of the punch until friction between 
die and slug takes hold and lateral displace¬ 
ment supervenes. Finally the excess metal in 
the die extrudes rearward toward the end of 
the piercii^ stroke. 

The maximum square is determined by the 
consideration that the steel displaced from 
the cavity by the punch must be suflicient to 
fill the four segments betw*Hn the billet and 
the die; otherwise the foit ng would not fill 
the die. If S is the measure of the side of the 
square and r the radius of the comer, then for 
equality between the area of the original round 
cornered square and the final annulus 

S* - 3.222rS 2.45 r* - 1.375d* 

6-25. Drawing After Piercing. Figure 6-7 ex¬ 
hibits a typical draw bench with solid ring 
dies. As previously indicated, the forge work 
required to produce a shell is divided between 
the piercing press and a subsequent draw. The 
drawing operation may be carried out on a 
mandrel which pushes the cup through a series 
of ring dies of successively smaller diameter. 
Instead of solid rings, rollers may be used; or 
luunped rolls may be enqiloyed for the purpose. 
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Th« cwity is asrslT shot-bUstod, saf Uttls 
m«ttl is rtmcved ia tha prossss. 





If shown in figure 6-8. While the shape of the 
piercing punch is determined by the experience 
of the tool designer, the profile of t‘ie draw- 
bench mandrel must, of course, be that of the 
esTity ia the shelL Likewise the diameter dt 
the last ring die is determined by the diameter 
of the shell, that la. It must not be less than 
this. Actually, of course, sufficient metal miut 
be left oa the outside to "clean up" on machining. 


6-26. The Trench Ertrusion Method of forging 
shell foreshadows the modern techniques of 
cold extrusion which will be described later. 
The principle is illustrated in figure 6*9. A 
slug, raised to forging heat, is placed in the 
die (B). The punch (C) then moves forward to 
cause flow through the annular space between 
tiie die (B) and the manrfrel (A), the action being 
continued until the desired t»se thickness of 
the forging is secured. The process can be 
readily carried out on a bulldozer. This simple 
method of forging high explosive snell attracted 
less attention during World War U than U 
merited, partly on account of the uncertainty 
concerning tha outside diameter of tne forging. 
Some care Is necessary in the adjustment of 
the relative axial positlcii of the die (B) and the 
mandrel (A), and consequently of the charac¬ 
teristics of the annular orifice between them, 
to ensure satisfactory performance. 

6-27. Progressive Piercing on the Upsette r. 
The origin of the force that does tha work ia 
forging a shell from a slug Is a matter of little 
moment, granted that adequate force is avail¬ 
able. A hydraulic press produces a steady 
thrust, but a crank and flywheel combination 
produces s variable tnrust. Tne thrust may bs 
as g*WBt near the dead center as the several 
(arts of tlie mactdne will withstand, but it de- 
cliites rapidly toward crank positions at right 
angles to the dead center. 

Given a sufficiently powerful press, the Job of 
forging a shell should apparently be completed 
at one heavy stroke; nevertheless, a series of 
operations is necessary. If for no other reason 
than that the energy Capacity of the system per 
revolution of the flywheel is a limiting factor. 
The sequence Is best Interpreted by reference 
to figure 6-10, entitled "Upsetter Forging With 
a Collar." In brief, the bar, one end of which 
has been heatsd whila the other serves as a 
toLg hold, is pushed against a stock gage and 
gripped by the closing dies. In the first push 
(not shown in tba diagram) tbs punch upsets the 
end of the bar and splinters tbs seals. There¬ 
after, the stock ts pushed forward to the gage 
a second time after turning through 90*. Sub¬ 
sequent events may be followed from the dia¬ 
gram. After each thrust of the pitman carrying 
the bead in which the punches are mounted, the 
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■plit difi opens, one half moving tu^jier toggle 
action to enable the operator to transfer the 
stock from one iin»)ress!on to the next teiow. 
In this way the linai form of the forging is 
reached. Round or square stock may bb used 
in the upsetter. The tatter has the advantage of 
being readily gripped in the dies, despite rea* 
sonable variations in size. 

6-28. Tha Effect of Water Spray s on Hot Forg¬ 
ings lies in the extent to which the hot forging 
is cooled. With modern sheP steels, no injury 
results as long as the outer layers remain 
above the critical temperature; however, if 
surface cooling is continued until the tempera¬ 
ture falls to the "blue heat" (around 700*F), 
the deformabllity of the steel becomes low; 
steel tends to fracture at this temperature like 
cast iron. Ordinarily this does not happen. 
Even the hydraulic descaling of the slug with 
cold water under a pressure of 2,500 pel ap¬ 
pears to have no Injurious effects. In any case. 


1 




even if fine halr-llke crack* should form on 
the outside ot the forging, any injury from 
water would be removed in rough turning. 


Cracks in the cavity would be more serious, 
both because of the greater difficulty of ob¬ 
servation and on account of the small amount 
of metal removed by shot blasting. Careful 
investigation, in cases where water freely 
sprayed in tha cavity for periods in excess of 
nori^, failed to reveal any cracks from this 
cause. 

6-29. Economics of Shell Forging. The cost of 
producing a usable shell forging is the sum of 
many minor and a few major items. These in¬ 
clude the cost of the steel, freight, unloading, 
billet separation, transportation to furnace, 
heating, descaling, forging, cooling, inspection, 
hospitalization, and loading. Coupled with these 
costs are those for supplies, such as fuel, 
refractories, material for tools, packings, lu¬ 
brication, overhead in the form of Interest, 
depreciation of buildings and equipment, in¬ 
surance, taxes, management and other forms 
of indirect labor; all of these must also be 
included in cost appraisal. 

la making an appraisal ot the different tech¬ 
niques of forging shell, the method which 
{moves most economical for one size of shell 
may not be the cheapest for another. Far ex¬ 
amine a 75-mm HE shell forging is most 






















economically made on the upsetter; the up- 
setter, however, is the most expensive method 
ol making the 105-mm. 

6-30. Comparative Stud y of Shell Forg in g Meth¬ 
ods. Certain considerations other than cost 
enter Into the selection of equipment to forge 
stielL These are (1) what type of equipment Is 
best adapted to rapid conversion on the out¬ 
break of war; (2) what forging equipment should 
be immediately available, without conversion, 
If urgent necessity should arise; (3/ the degree 
of skill required In any given method, since a 
process than can be operated by unskilled labor 
has the advantage of a quick stert. 

An ASME study on "The Forging of H.E. Steel 
Shells" tabulates the various items of cost 
entering into the manufacture of 720,000 shells 
by various methods, for four different sizes of 
shells, namely, 75-mm, 90-mm, l05-mm, and 
155-mm. The figures relate to 1943. In the 
final analysis no large differences, with one or 
two exceptions, exist among the various meth¬ 
ods. Total cost divided by number of shells 
results in the following average dollar values 
of the four shell sizes: 

For the 75-mm shell forging, 

577,500/720.000 » $0.81 
90-mra shell forging, 

877,800/720,000 . $1.22 
105-mm shell forging, 

1,188,600/720,000 « $1.65 
155-mm shell forginir, 

3,443,000/720,000 =. $4,78 

Slug weights for these shell sizes were, ap¬ 
proximately, 19, 30. 42, and 128 pounds, re¬ 
spectively. The cos^n per pound of forged shell 
are: 

4.3 cents for the 75-mm 
4.1 cents for the dO-mm 
3.9 cents for the 105-mm 
3.7 cents for the lS5-mm 

Certain Items, such as real estate and build¬ 
ings, taxes, burden, overhead, and other more 
or less fixed expenses, are not included in 
these figures. 

6-31. Inspection of Shell Forgings. Forgings 
are inspected for soundness and adherence to 
dimensions. Inspection procedures fall Into the 
following categories: 


1, Inspection for Soundne.sa. 

Soundness of base 
Seams and slivers 

Scoring or roughness cd cavity 
Scale pits 

Gas pockets or blisters 
Torn cavity 
Tear drops 

Cracks la nose end after nosing 

2. Inspection for Adherence to Dimensions. 
Outside diameter 

Diameter of cavity 
Length cf shell (clean metal) 

Thickness of base 

Eccentricity 

Ovality 

Length of taper in cavity 
Ballooning of cavity (double nose) 

6-32. Inspection Before Heatin g. The principal 
defects encountered in the slug are (1) un¬ 
soundness of the center caused by pipe; and 
U) surface seams and laps. Pipe is an unusual 
extension of the cavity which forms under the 
upper crust as the Ingot cools and shrinks. This 
defect is usually removed by cropping in the 
mill; but incomplete removal may cause un¬ 
sound cores and basal porosity. Shells are pro¬ 
tected against premature detonation from this 
cause by a rolled steel plate, welded to the 
base. Experimems to determine the possibility 
that basal porosity will cause detonation wltliln 
the gun tube indicate that the lisklsvery small. 
It is, however, a chance that cannot be taken. 
Pipe is detected by sawing and raacroetching 
the ends, and sometimes the middle, of the bar. 
Billets 5 by 5 inches, or larger, are particu¬ 
larly subject tp onsoundness, hence the ends of 
each dug are usually examined. 

8-33. InspectioB After Forging. Inspection alter 
forging is done before the forging h?s cooled. 
The principal checks are madeforconcentricity 
and thickness of base. This is followed by a 
cold inspection prior to machining. "Teardrops" 
and "torn cavities" arise from the same cause. 
The melting point of the steel skin in the cavity 
is lowered by the addition of the carbon in the 
graphite lubricant used on the punch, and may 
liquefy in flakes or globules which wqld them¬ 
selves to the wall of the cavity. The bond is 
not secure. The shot blast sometimes removes 
the flakes and the tear drops may be chiseled 
out. 




MACUININQ or HE SHELL 


8-34. Sgqiitnct << Op^ritlona In the Machining 
oC Shells. Ill# loiiowlnj oporttlons ur# nor¬ 
mally p«rform9d on th» shall after it comes 
from the fort#: 

1. Shot blasting of cavity 

2. Cutting to length 

3. Centering 

4. Rough machining 

5. Heating for nosing 

6. Nosing 

7. Heat treatment 

8. Testing for hardness 

9. Shot blasting 

10. Nose boring 

11. Finish turning of body 

12. Removing boss 

13. Finishing of base 

14. Rough turning of band seat 

15. Finishing of band seat (including mvlng 
or knurlLag) 

16. Nose tapping 

17. Bout re?et finishing 

18. Nose notching 

19. Cleaning of band seat 

20. Handing 

21. Band turning 

22. Degreasing 

23. Fastening of bas) plate 

24. Painting 

25. Cheeking for din 4n8laa8 after each (g>- 
eration 

8-35. Preparation for Machinin g. After shot¬ 
blasting the csvity to remove scale, the excess 
length is cut from the moudi of the forging ind 
s centering hole for the tailstock center Is 
drilled In the bsse. The cuttlng-off operation 
is usually dons by sawing or by flame-cutting 
on a er^e of slowly revolvii^ rollers. Ihe 
torch Is placed inside the shell, so that the 
flash is thrown to the outside whero It is ie- 
moved la rou^ turning. For 155-mm shell and 
above, llanM cutting is more economical than 
sawing. Sines the cavity of the shell is not 
machined, it is necessary to locate all machin¬ 
ing operations therefrom. The centering hole Is 
drilled while the forging is mounted on in arbor 
wfaleb rotates countar to drill rotation. lUs ar¬ 
rangement givea a better guarantee of con¬ 


centricity then rotation of either shell or drill 
alone. 


6-38. Rough Machining the Outsi<!!# of the ShelL 
(See figure 6-11.) Rough machining is carried 
out on a special, tingle-purpoae lathe, designed 
to mount an optimum number of carbide catting 
toola working elmultaneously. The shell is 
gripped internally by the expanding pads of a 
heavy arbor, while its base rides in the live 
center of the tailstock. The greater the number 
of tools, with given feed and depth of cut, the 
tighter must be the grip between arbor apd 
ahelL 


6-37. Nosing. The open end of the rough- 
machined ahell is cloeed in and the ogive 
formed by a large vertical preas capable of 
exerting pressures of 150 to 400 tons. The 
body of the shell Is well supported by a chuck 
during &e operation. Fuse thread diameter is 
the same for all high-explosive shell, from 
75-nutt to 240-mm; therefore, the open end of 
the largest shell must be deformed about three 
times as much as the smsilsr calibers to pro- . 
docs the same slse fuss hols. As a result, 
155-mm shell and up are hot-nossd, while the 
75-mm to 105-mm can be cold-nosed. - 

6-38. Heat Treating. His crltlcsl tsmpsrsturs 
of shall steel lies between 1,400 and 1,450*F. 
All portiaas of the noeed shell forging must be 
heated above this critical temperature and 
quenched. In order to achieve maxlnnun hard¬ 
ness prior to tampering, coupled wlHi s mlmi- 
mum of distortion, the cooling rate of the in¬ 
side snd outside, during quenching, must be as 
near ths usms as practicaL In order to msks 
sure that the critical tsmperaturs has been 
reached, the temperature la brought up to about 
1,500 to 1,525*F. For quenching, oil is i>rs- 
ferred to water, which is more drastic in its 
cooHng setior md hence more llsble to produce 
cricks. Ths quench Is followed by tampering, 
Hist is, rshestlno the shell to some tempera¬ 
ture below the critical range to soften snd 
tougbon ths steeL Tampering tsmpsratures 
usually range from 1,000 to 1,250*F. 
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Figurt 6-11. Laiht far rough banting 


6-S9. TegtiaK lor Hardnegs. Hm tempenrtnr* 
at vtiieh gheUs ara tamrarad la datarmlaad 
primarily by tha aacaaalty ter maatlng apeci- 
fleatlaiis for physical prcpartlas. Tha U^ar 
tha taaiparatara, the softer tha steel and tha 
lower tha tansUa strength. Thera is an ap- 
proadmata relatlao between tenslla strength and 
hardness (tenslfo strength m 480 z Brlnell hard- 
aaaa). Therefore, after tempering, the shell Is 
Biinell-tested for hardness. The iowast per¬ 
missible Brlnell iiardness Is determined by tha 
minimum tensile stress specified; tha highest 


permlsslbla Brlnell hardness Is estabUshad by 
conslderatlca cf machining difflcultiea. Un¬ 
satisfactory shells ara returned to the heat- 
treating department. 

9-40. Shot Blasting. After beat treatment, tha 
rarity Is cleaned ^ shot blasting In order to 
remove any scale formed daring heat treat- 
nfont, thus preparing the cavity for painting. 

6-41. Finish Machining. (See figure 6-12.) To 
prepare the shell for finish machining, the nose 
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of th» Bhell li bore4, reamed, and faced to 
provide a surface for chucking. The shell Is 
mounted in the finishing lathe bet.^jen an ex¬ 
panding driver head, which grips the nose bore, 
sad the tailstock center, on which the boes la 
the base cd the shell rides. 

Because of its effect oo exterior ballistics, 
close tolerances are specified for surface 
roughness. The msxl.>'jum roughness permitted 
by the Ordnance Department Is 250 micro- 
laches. 

The machining setup la similar to that used for 
rough machining (parigrapb 6-34), although a 
lighter lathe mat be used. 

6-41. Flatahtrui the Base. After completing 
finish-turning of the shell, the boes on the 
base la removed. It stay be sheared off; sawn 
by a metal saw, or abrasive wheel; or cut off 
in the lathe. An end mill la slso occssionsUy 
employed. Tit removkl of the boes in the 


lathe may be coupled with the finishing opera¬ 
tion on tie base. 

6-43. Machining the Band Groove. Grooves 
with radial sidewalls can be machined by a 
forming tool, which leaves circumferential 
ridges In the bottom of the groove and finish- 
machines a portion of the shell adjacent to one 
side of the groove. These ridges are tater con¬ 
verted li.to sharp projections by knurling roll¬ 
ers vlth hardened teeth. Grooves with undercut 
sides and wavy ribs require somewhat different 
treatment The groove Is first opened up with a 
radial feed to the depth of the top of the ridges. 
Clearance is then cut at the sides of the rec¬ 
tangular groove. Undercutting of the sides of 
the groove and machining of the wavy ribs by a 
waving tool may be done simultaneously. 

6-44. Nose Tapping. Cutting the thread in the 
nose of the shell to receive the fuze is most 
frequently done with collapsible tapping heads. 
However, milling cutters may be used. These 



Fifptre 6-12. Tooling sotufi for tnmiHg 




















enter the bore, are then ad’.ancod to cut, and 
are traversed axially throutrh a distance equal 
to the pitch of the thread, v..ule the shell ro¬ 
tates once. Tapping may be done on a standard 
tapping machine; a multistation machine may 
also be used. 

6-45. Finis hi ng the Bourrelet. In order to 
maintain the close tolerances of bourrelet 
diameter in mass production with unskilled 
help, the bourrelet is usually finished by 
centerless grinding, although many machiners . 
prefer a shall .w cut in the lathe with a very 
fine feed 

6-46. Nose Notch'ng. Staking notches aiC re¬ 
quired in some shelLs but not in all. These 
notches may be cut by various means, the most 
common being miUittg. One or several milling 
cr.tters may be used. U several are used the 
cutters rotate continuously, the shell bein.< 
pushed up against a stop governing the proper- 
depth of cut. 

6-47. Cleaning the Band Seat. TTie presence of 
chips or otiier trash may Interfere with the 
proper seating of the band. The scat is there¬ 
fore cleared thoroughly with a steam jet, or by 
wiping with a rag which has been wet with 
carton tetrachloride. A very thin layer of oil 
or grease does not interfere with tight banding. 

6-48. Banding. The prooer mounting of the 
driving band on the shell Is of considerable 
importance, since the tightness of the band 
affects the ballistics of the shell. The band, 
made of gilding metal, copper, or iron, should 
fill the band groove completely, without clear¬ 
ance; and exert pressure against the shell both 
radiallv and against the «ides of the groove. 
Banding is commonly done on a multicyliuder 
hydraulic press (figure 6-13), or a toggle joint 
press (figure 6-14) known as a tire-setter, in 
which a number of jaws are thrust radially 
inward against the bind, squeezing it into 
place. Banding may be done cold on shell up to 
and including 240-mm. For larger sizes the 
band is heated to around 1,500'F before anili- 
cation to the shell. In general it must be set 
sufficiently hard so that when the pressure is 
released, and in the case of hot banding the 
band is cool, the shell springs back more than 
the biind. If this condition Is not fu filled the 
band will be loose. Shell may also be banded 
by forcing through a die (figure 6-1 f). For 


thin-walled shell, welded overlay bands are 
often used. 

6-49. Ban d Turning. After having been set, the 
rotating isand is machined to the specified size 
and shape. Bands without grooves may be Im- 
ished with a single point tool; those with grooves 
are usually f inished on a lathe with a form toot 
Milling with a profiled cutter Is also practiced. 
Since gilding metal Is comparatively soft, it 
tends to spread beyond the confines of the 
groove during the banding operation; hence 
trimming tools must be provided in the machin¬ 
ing set-up. 

6-50. Washing and Degreasing. High-explosive 
shells arc painted to protect them against rust. 
The surface is prepared by washing and de¬ 
greasing. This consists of an alkaline wash, 
followed by a rinse and an acid wash. The alka¬ 
line solution dissolves the grease. It is not 
allowed to dry on the shell because the salts 
may react wiU the explosive in the cavity, and 
for this reason is removed by flawing water in 
the rinse tank. For the acid wash, the solutions 
which are used contain phosphoric acid, ''■hicn 
(1) produces a surface to which paint adheres 
exceptionally well, and (3) forms a complex 
phosj^ate coating which protects the steel 
against rusting. 

6-51. Fastening the Base Plate. Since pre¬ 
mature explosion may result from cracks, 
sponginess, pipe, or holes in the base of the 
shell, a rolled steel plate is mounted on the 
finished base of the eheU. This base plate may 
be (1) welded on; (2) caulked with a lead ring; 
or (3) peened in place. The preferred method 
in this country Is resistance welding, either 
with the wheel or the cam-operated, recipro¬ 
cating type of spot welding electrode. 

6-52. Methods of Weight Control. For various 
reasons, including tool wear, variation in tbs 
size of the forge-finished cavity, lubrication, 
and (in large shells) temperature dtw-ing the 
nosing operation, the wei^t of the shell would 
vary beyond prescribed limits if means of 
weight ccntrol were not used. Among available 
methods of control are (1) the adaptation of the 
outside diameter of that region of the rcugh- 
turned shell wtdeh undergoes deformatloo dur¬ 
ing nosing; (2) adjustment of the distance 
betiwen base and nosing die; (3) altetatiou of 
the thickness of the base within prescribed 






Figure €-13. ^dreulic bam/iug pre$$ and pump 


tclcrancM; and (4) reduction of wall thickness 
by removlnc metal from the cavity. As a last 
resort, (S) a thin cut may be taken from the 
center section of the OKlve. This procedure is 
not recomsanded. 

6-53. Marking. The Ordnance Department re¬ 
quires that all shells be stamped before palnt- 
iaC. in accordance with precise instructions as 
to which items are to be marked, on what part 
of the shell the stamp is to be placed, and the 
slse of letters and numerals. Tiro methods are 
la common use. In the first the stamps are 


pressed into the shell while at rest; while ia 
the second, the stamps are mounted ia the 
circumference of a wheel which rolls them ia, 
as in a knurling operation. 

6-54. Hospitaliaatloo. Xa the course of maaa- 
factur* a few hells slip through which will not 
pass inspection. If tte body is overslxe, the 
shell can be remouated ia the lathe for re- 
machining. Likewise, the ogive may be re¬ 
profiled. Other hospitalisation operations In¬ 
clude refaclng the nose and retapplng. A faulty 
center n»y cause the shell to "run out," that 
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Figure 6-14. Toggle joint banding machine 
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is, (ail to clean up and show forging scale 
alter machining. The faulty center may be 
welded up and redrilled. During nosing, non> 
uniform lubrication may cause the nose near 
the tip to be thicker on one side than on the 
other. This may be corrected by machining out 
the irregularity with a boring bar and skiving 
tool. If heat treatment Is unsatisfactory. It may 
be repeated. Debanding and rebanding is an> 
other function of the shell hospital. Surface 


finish may be Improved by the application cf 
a fast moving abrasive band. 

6*55. Painting. Except for the rotating band 
(sintered iron excepted) and the threads in the 
nose, all parts of the shell must be painted 
prior to shipment. Spraying is almost uni¬ 
versally used. The paint applied to the cavity 
has an asphalt base and is acid proof. The 
band is covered by a protector which may also 
support the shell during the operation. The 
threads are closed off by a plug which may 
serve to suspend the sbelL 

0-56. Inspection. During manufacture the shell 
is inspected both by the manufacturer and by 
Government inspectors. The manufacturer In¬ 
spects at frequent intervals, such as after the 
forgings have been received, after rough-tum- 
irg;, and alter nosing; while Government in¬ 
spection is limited to three points In the pro¬ 
duction line: (1) before application of the band 
and base plate; (2) before painting; and (3) 
after painting. 









The principal function of in.'-.iH'Ction is to check 
on size and shape. For this puriwse gatjcs — 
wherever possible, of the "no” and "not go" 
type — are provided. Visual inspection of the 
shell is miiidatory at frequent intervals; con* 
centric :ly is checked, tests of physical prop¬ 


erties are made, and the base plate struck a 
sharp blow with hammer and chisel to be sure 
that it is secure. Finish Is checked by com¬ 
parison with a standard block or by means of 
a measuring device. Paint coverage, both out¬ 
side and inside, is examined visually. 
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6-57. Col J Extru sio n o f S hell. A process for 
cold-forming shell by extrusion has recently 
been developed in this country. By the use of 
extremely high pressures, steel slugs are ex¬ 
truded into finished shell with a minimum of 
machining operations and waste material. The 
process consists of the following operations; 

1. Preparing the slug 

2. Sizing the slug 

3. First extrusion“first hit 

4. First anneal 

5. First extrusion — second hit 

6. Second anneal 

7. Second extrusion 

8. Third extrusion 

9. Ebrtrusion to length 

10. Expansion of the bourrelet and drawing 
through 

11. Nosing 

12. Stress relief anneal 

13. Machining 

14. Inspection and marking 

The following paragraphs describe the cold 
forming of the lOS-mm HE shell as practiced 
by the Mullins Manufacturing Corporation. The 
procedures followed by other manufacturers 
lor machining this size or other sizes of shell 
may differ in detail, but Lhe overall process 
is the same. 

6-58. The Preparation of the Slug. (See figure 
6'16a.) A slug 4 11/16 inches long is sawn 
from a 5-inch dia.neter C-1012 steel bar. Each 
slug is chamfered, on both ends simultaneously, 
in a deburring machine, and the sawn faces are 
buffed to a smooth finish. The slug is washed 
in a solution of sodium orthosilicate and dried 
in a hot air circulator. In preparation for the 
next operation, the slug is then (1) pickled in 
sulfuric acid, (2) rinsed, (3) phosphate coated, 
(4) rinsed again, (5) neutralized, (6) lubricated, 
and (7) dried. 

8-59. Sizing the Slug. (See figure 6-16b.) The 
slug is sized under a pressure of 900 tons by a 
punch In a die. This produces a reduced lower 
end in the shape of a conical frustum, designed 
to center the piece in the next die; and a shallow 


depression or "dimple" on top. This dimple 
centers the slug with respect to the punch in 
the next operation. The sized slug is 3.115 
inches in diameter over the upper cylindrical 
portion; and 5.77 inches in overall length. 
Before moving to the next operation, tne slug 
IS again phosphate coated and lubricated as 
described in the preceding paragraph. 

6-60. Ext rusion. (See figures 6-16c through 
6-16f.) l^e first extrusion operation is earned 
out on a 1,500-ton press; the actual pressure 
required is 1,100 tons. The press has a 36-inch 
stroke, arid a 48-by-48 inch bed. It is powered 
by t'«o 200 horsepower motors. Maximum oil 
line pressure is 2,460 psi. The bar, after this 
"first hit," has a cylindrical cavity 3.320 
inches in diameter and 4.08 inches deep. The 
outer diameter has increased to 5.123 inches, 
except where it tapers to the nose. The over¬ 
all length has been increased from 5.77 inenes 
In the sized slug to about 7.4 Inches. Following 
washing and drying, the component is inspected 
for seams which, if they occur, are ground ouL 
If the seams are too deep, the piece is dis¬ 
carded. The steel is then annealed at 1,4S0*F 
to remove the effects of strain hardening. After 
annealing, the piece is again phosphate coated 
and lubricated. A "second hit" deepens the cav¬ 
ity, cabbages the nose, and further extends the 
piece to about 7.9 laches, without change in the 
exterior diameter. A third extrusion pushes 
the rounded nose of the punch deep into the 
tapered lower extremity, lengthens the body to 
8.8 inches, and develops the boat-tall. The 
annealing, pickling, phosphate coating, and lu¬ 
brication are repeated, and the second and third 
extrusions are performed at pressures of 650 
tons and 580 tons, respectively. 

6-61. Extrusion to Length. (See figure 6-17.) 
Up to this point the operations on the r.lug are 
comparable, in many ways, to hot foi-glng; but 
at this point the action becomes less f.zmiliar. 
Extrusion to length, cold. Is not dom? on a 
draw bench. The piece is forced to flow through 
the annular space between the nose of the ex¬ 
truding punch and the die, so that the shell 
"runs ahead" of the punch. This action may be 
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Figure €- 16 . Slug 


















lUteiMfd to any extrusion process in which a 
plunger forces the metal through a formed die. 
The cylindrical enlargement of the punch body 
acts as the plunger; the annular space between 
the nose of the punch and the restricted region 
of the die constitutes the formed die. This op¬ 
eration requires the usual coating and lubri¬ 
cating preparation of the component. In addi¬ 
tion, a lubricant consisting of molytxlenum 
sulphide and oil is smeared on the shoulder of 
the piece at the press. The total pressure re¬ 
quired for extruding to length is 650 tons. The 
shell, as it comes from t.he press, has been 
extended to a length of 15.16 inches; its ex¬ 
ternal diameter reduced to 4.09 inches; and the 
inner to 3.185 inches. 









CXTmjOE fO LtNOTM 

eecESusE seo'O'ESO tons 
Figure 6~ 17. Slug, exirutie to length 


6-62. Expanding the Bourrelet and Drawing 
Through. (See figure 6-18.) The previous op¬ 
eration left the carcass with a boat-tail and a 
body which tapered by a lew thousandths of an 
inch toward the expanded lip left by the ex¬ 
trusion die. It is necessary to expand the body 
to produce the bourrelet. llus is accomplished 
by thrusting a punch of appropriate profile into 
the cavity of the shell. While the shell remains 
on the punch, the bourrelet is sized and the 
flared lip of the shell is straightened by drawing 
through a die. The expansion of the bourrelet 
requires about 175 tons; the subsequent sizing, 
about 125. 






ExrMO BOUNNELET 
eWSSURC NC0’D.-75 TONS 

Figure 6~18. Expand bourrelet 



6-63. Nosing. (See figure 6-19.) This Ci.'eration, 
similar to the cold-cosing of hot-for^ shell, 
is conducted in a 500-ton mechanical press. 
The shell sits In a lower, retaining die, while 
the nosing die descends upon it and forma the 
ogive. Enough metal must be gathered in the 
process to render noet' reaming and tapping 
possible. The shell is then washed, rinsed, 
dried, and given a stress relief anneal at a 
temperature of 850*F. 



EMM. NOSE SCOUCE 

Mcssuec sforo.-*oo tons 


Figure 6~J9. Final nose reduce 

6-64. Machining Operations. After the cold¬ 
forming operations, the following machining 
is done: (1) the nose is bored, faced, and 
chamfered in preparation for threadicig; (2) the 
band seat is cut and knurled; (3) the bourrelet 
is ground; (4) the rotating band is pressed 
into the seat; (5) the band is turned and 
trimmed; (6) the staking notches are cut; and 
(7) the base plate is welded on. These various 
machining operatloos are similar to those al¬ 
ready described lor hot-forged shell (para¬ 
graphs 6-34 through 6-56). The small number 
and relative simplicity at the machining opera¬ 
tions on the cold-formed shell, as compared 
with a hot-forged carcass, is impressive. 

6-65. Laboratory Tests. From each lot of 
20,000 shells, two are picked at random, and 
tests carried out on the steel of the shell body 
and on the gilding metaL The yield point of the 
steel is in the neighborhood of 73,000 psi; the 
eloogation 18 percent; and the reduction of area 
abcut 64 percent T^cal results of tests on 
the band ^ve tensile strengths of about 38,U(X) 
psi with a 20 percent elongation, and somewhat 
greater than this with a 21 percent elongatton. 
Each shell used for these laboratory tests is 
also checked for hardness. Rockwell B hard¬ 
ness numben range from about 86 to SO. 

6-66, Inspection in Process of Manufacture. 
After the slug has been sawn from the bar, 
there is a 100 percent inspection for weight; 









and ooe slug from the first b&r cut of each new 
heat is macroetched and tested for hardness. 
Following sizing, every 150th shell is given a 
profile check. After each of the first three 
squeezes, the shape and base thickness of the 
shell are determined; also the size of the boat* 
tall. After extrusion to length, body diameter is 
checked with a snap gage; also overall length; 
ard Up thickness with a baU point micrometer. 
Since surface delects may show up after ex* 
pansion to swell the bourrelet, erery ISth shell 
is inspected visually. After aosln?, the hour* 
relct diameter, body diameter, cose diameter, 
eccentricity of the nose, inside diamotor of the 
nose, thickness of the base, and the size of the 
boat'tail are gaged. Visual inspection for de¬ 
fects, with the aid of a light to view the cavity, 
is extensive, reaching 100 percent at two points. 
After boring, facing, and chamfering the nose, 
the diameter of the bored hole, overaU length, 
nose diameter, and angle oi chamfer are gaged. 
After the machining of the band seat, there is a 
100 percent check of the width of the band seat, 
its diameter, the diameter of the recess at the 
rear of the band seat, and the position and angle 
of the boat*tall with respect to the band seat. 
After grinding, a snap gage is appUcd to the 
bourrelet. After threading, t'le thread gage is 
used in every 5th sheU. Gagta are also pro¬ 
vided for inspection of the rotating band and its 
position on the sheU. The final lr>spection, which 
follows the welding of the base plate. Includes 
the appUcafion of a "Multichek Gage" to the 
Shell diameter at seven points, from nose to 
rear bourrelet. After painting, the sheUs are 
given a 100 percent visual inspection, both 
inside and out. AU shells are then passed 
through the forward bourrelet ring gage. In 
combination with ;;revious inspection measure¬ 
ments, this last-mentioned iiispection serves 
as a check on the thickness of the paint. 

6-67. Government Inspection and Marking. Fol- 
lowing final inspection by the plant. Government 
inspectors pass upon batches of 83 sheUs on a 
pallet. Shells released from Inspection are 
marked, then washed, bonderized and dried, 
the cavity brushed out and painted in readiness 
for packing. 

6-68. Comparison of Hot Forging with Cold 
Extrusion of Shell. 


a. Use at Strategic Material. Cold extrusion 
requires a steel with a low menganese content. 
Since manganese is a strategic material, this 
represents an advantage over forging, which 
requires a high manganese steel. 

b. Use of Steel Making FaclUties. The cold 
extrusion process uses a billet which is much 
closer to the weight of the finished sheU than 
that used for forging. The scrap resulting from 
the forging process must be reprocessed. This 
represents an additional load on the steel mak¬ 
ing facilities. This advantage of cold extrusimi 
may be offset if the percentage of rejects from 
the production line is greater than the per¬ 
centage resulting from forging. 

The steel required for cold forging demands 
must be much freer from nonmetalUc inclu¬ 
sions and, since physical properties are ob¬ 
tained by work hardening, must have a more 
cai^fully controlled composition than that 
udiich is needed for forging. It is not known 
whether or not our present facilities could 
supply the tremendous amounts of this high 
quality steel which would be needed during 
wartime. 

c. Machining Operations. Cold extrusion 
eliminates rough machining and finish machin¬ 
ing (d the body of the shell, as well as bourrelet 
finishing. The remaining machine work is light, 
compared with these two operations. 

Total Number of Operations. Although 
the cold extrusicHi process eliminates several 
of the machining operations required by forg¬ 
ing, it requires eight press operations as com¬ 
part with three for forgi.ng. In addlil.m, cold 
extrusion requires a rather complex lubri¬ 
cation operation before each press operation. 
Hot forging requires that the shell be brought 
to forging temperature before each press op¬ 
eration; however, cold-forged shell must be 
heat-treated several times during the forming 
operation In order to maintain required ohysic al 
pre^rties. In all, approximately twenty-five 
operations are required lor cold extrusion 
versus twenty-two for forging. 

e. Cost of Plant. Because of the extremely 
heavy, high-pressure extrusion presses re¬ 
quire^ the cost of a plant for cold extruding 
of shell is considerably greater tlian that lor 
a forging operation. A further disadvantage 
is that heavy-press time is usually at a pre¬ 
mium in time of war. 
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COMPROMISE METHOD OF SHELL FORMING (HOT CUP, COLD DRAW) 


6-69. Com promise Method of Shell Forming . 
The principal advantage oi cold forming is that 
the weight o( the completed shell is within a 
few ounces of the weight of the slug from which 
it is formed. Dy contrast, the weight loss re¬ 
sulting from the extensive machining which ac¬ 
companies the hot-forging process may run as 
high as 50 percent. The principal disa^antage 
of cold forming is that the 1,500-ton presses 
required for the first extrusion process are 
extremely expensive and at present are not 
readily available. 

A compromise method of forming, which would 
make use of the advantages of cold forming 


while at the s.ime time eliminating this major 
di.sadvantage, has been proposed. This method 
would employ hot forming to make the first 
draws and cold forming for the subsequc. t 
operations. 

6-70. D ifficulties Im'olved . The difficulties in¬ 
volved in this process arc that (1) an extremely 
even heating of the billet is required to prevent 
run-out of the punch, and that (2) some means 
must be provided to either prevent the forma¬ 
tion of scale or to eliminate it completely after 
it has formed. Large scale testing of this com¬ 
promise method is now under way at Frankford 
Arseial. 






MANUFACTURE OF HIGH-EXPLOSIVE PLASTIC SHELL 


6-71. Int roductio n. The following paragraphs 
describe the manufacture of the 75-mm shell, 
HEP, M349, as practiced by the Chamberlain 
Corporation. Procedures followed for other 
shell or by other manufacturers may differ in 
detail, but the basic process is the same. 

Tite M349 includes three components: (1) a 
shell body fitted with a rotating band, (2) a base 
plug, and (3) a gasket (figure 6-20). The base 
section in the neighborhood of the rotating band 
is relatively heavy. The side wall tapers from 
the base to about a tenth of an Inch at the nose. 
The base is threaded to receive the plug. 

6-72. Development . The HEP shell has an un¬ 
usual profile which is poorly adapted to stand¬ 
ard forging cold-forming techniques. The in¬ 
terior protuberance, required to accommodate 
the rotating band, makes it Impossible to with¬ 
draw a forming punch. Machining of the cavity 
would be a difficult operation. Quite early in 
tite experimental work on this shell, trouble 
was experienced with loose rotating bands 
caused by the difficulty in seating the band on 
the thin walL Attempts were made to make the 
band an integral part of the shell body; failing* 
that, a welded overlay of copper was used. 


6-73. Experiments With a Two-Piece Body . At 
first, the body of the HEP shell was made in 
two parts. The nose was a cold drawn ogive 
made from cold rolled 1030 steel. This was 
then brazed to the body. As chamber pressures 
were increaseo to secure higher muzzle veloc¬ 
ities, the shell tended to bulge at the brazed 
joint. Thickening the shell in this region was 
tried and abandoned because of reduction in the 
effectiveness of the round. Heat treatment to 
harden the steel in the neighborhood of the joint 
was out of the question, since it would have 
destroyed the brazed joint. A single-piece, thin 
wall^ shell appeared to be the only answer. 


6-74. Present Manufacturing Method . The pro¬ 
cess starts with a disk shaped blank, or "slug," 
of fine grained, spheroidizad, mild steel (FS 
1030). ilie blaidc is cleaned, phosphate-coated, 
and lubricated. Figure 6-21 shows the sequence 
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Figure 6-20. HEP shell 
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5THDRAW 6THDRAW TRIM NECK FINISH 


Figure 6-21. HEP fabrication 

of le draws. Note that the thickness In the nubbin la moved la on the croM slide, wnrkinit 

original cup is largely maintained in the draws. the hot wall of the shell around the profile of 

The punches have reduced noses which draw the the mandrel to a tit oo the nose. The tit U re* 

body into the thin'walled extension of the lower moved in the finish grind, 

region of the tube. After each of these opera- 

tiens, the component is annealed at 1,250*F, 8-76. Finishing. Following these shaping op- 

just below the lower limit of the critical range, erations, (1) the shell is ground to meet sur- 

for 45 minutes. The spheroidlzed structure is face finish requirements; (21 the base is faced 

retained while the hardness, induced by cold and recessed; (3) the band is welded to the 

work, is removed- body; (4) the band, which is to be pre-er^raved, 

is broached; (5) the base is tapped; (6) the shell 
6-75. Cutting CWf the Base. After the final is tested hydrostatically and with air; and (7) it 

draw the piece is again annealed and given one is cleaned, phosphate-coated, and painted, out- 

more draw. The base, closing the tube, is cut side and in. After loading, the base plug which 

off, leaving an open ended- "can" which is carries the fuze la screwed into the shell base, 

trimmed to length. The open mouth is closed The copper gasket between plug and body 
Into an ogive as follows: (1) the thin walled guarantees tightness, 
end is nosed, leaving a smaller open mouth; 

(2) a mandrel is inserted in the shell, and bears 6-77. Hardness Testing . Because of the method 
upoa the partially closed nose; (3) the shell is of functioning of the U£P shell, it Is important 

rotated in a lathe and an oxyacetylene torch Is that the hardness be accurately coourolied. 

played upon the partially formed ogive until Figure 6-22 exhibits the results of a typical 
welding heat is reached. A stelUte-sheathed Rockwell B hardness check. 


t 
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MANUFACTURE OF ARMOR-PIERCING SHOT AND CAPS 


X 


fl-78. Irtrodiictlon. Armor-pierciog shot may 
tahe a variety ol forms. Tb^ may be made (1) 
Witt or wit*.^ a cavity,' (2) ogival- or trun¬ 
cated-nosed, (3) capped or ancapped. Any com- 
bi natino o( these choices Is also possible. 

The following paragraphs describe the manu¬ 
facture of the 37-mm AP shot, MSI, as prac¬ 
ticed by the National Pneumatic Company. The 
processes which this capped mooobloc shot go 
through are applicable to other types of shot 
also. Differences in site and shape of shot will 
modify the procedures, but they wlU remain 
basically the same. A major difference exists 
In the case of shell with cavities — in this case 
the rough forging must first be made by the 
plerce-and-draw process—but these shell are 
at present obsolescent. 

6-79. Steel ? » oeclflcations. WD-4150 electric 
furnace steel, maoufactured to Ordnance speci¬ 
fication S7-107-D (with the exception that the 
carbon range Is 0.S2 to 0.57 percent) is used 
for this shot The strocture must be at least 
50 percent lamellar pearlite. The composition 
of this steel Is given as: carbon, 0.52 to 0.57 
percent; manganese, 0.60 to 0.90 percent;phoe- 
ph<mis, 0.025 percent; sulfur, 0.025 percent 
minimum; silicon, O.lSi percent minimum; 
chromium, 0.80 to 1.10 percent; molybdenum, 
0.20 to 0.30 percent. Jomlny tests are required 
in order to ensure hardenability to the speci¬ 
fied 79 to 82 Rockwell A. The steel is melted 
in OO-ton Eeroult electric furnaces and poured 
into IS 1/2 iiL square, big end up, molds, 
fitted with hot tops. After slow coolii^ to avoid 
checks and flakes, the ingots are stripped, re¬ 
heated, and roiled down to 4-inch square bil¬ 
lets. following slow cooling, the billets are 
pickled, surface conditlooed, then reheated and 
rolled down to rounds 1 and 17/32 inches in 
diameter. These are annealed to reduce the 
hardness to 183 to 212 Brinell, and machined 
to diametral limits cf 1.453 to 1.459 inches. 
A sample is taken from the top bf each ingot 
after it is rolled into the 4-inch square billets. 
Disks, cut from the samples, are h^ochlorlc- 
acid etched and then examined, by both mill 
and U. S. Army Ordnance inspectors, for 


internal defects, including segregatioas, pipe, 
checks, and flaki^ 

6-60. Manufacturing Technlqces. Flgcre 6-23 
shows the first sequence operation! on the 
bar stock. Each operation is performed by one 
spindle of an antotnatle screw machine, index¬ 
ing 105 pieces per hour and ruanlng at 258 
rpm. The marhlned bodies are fed into a 
centerless grinder which brings the bourrelet 
to limits of 1.4475 — 1.4485 inches; sad ths 
region in real cf the band seat to 1.436 —1.439 
inches. The aoae la then profiled oa a aix- 
statioo bcrew machine. The sequence is shown 
in figere 6-24. The shot is then degreased and 
a number stamped on the base to identify tbs 
lot and, if necessary, ths heat from which each 
shot was made. 

6-01. Heat TreatmenL Tho shot are heated la 
a radiant-tube, reduelqi-atmoephere fnmnee;. 
The atmosphere, fed frou s separate genera¬ 
ting unit at a temperature cf l,580rF, flows 
from the discharge end of the furnace forward 
to the loading end, where the gases bum, prs- 
beatlng tbe shot in ths process. The shot are 
oil quenched at 140 to 180*F. They are then 
plac^ in a batch-type furnace, where tt cf are 
tempered for four boniw at 325*F. Afte- tem¬ 
pering, the ahot are allowed to stand ior 72 
hours, after which they are bot-and-cold water 
tested to determine whether or not they will 
crack. One shot from escb heat is cut through 
the center (as shown in figure 6-25) andehecked 
for hardness at tbe pofots Indicated; 79 to 82 
Rockwell A is required. The mlcroe tru ct u re of 
the hardened abot ccosists of highly ...ib jd 
martensite. Following the hat-r'ud-ctda jrcct- 
meot, the shot are air-blast dried, inspect 1 
for surface defects, and ahot blasted prepara¬ 
tory to matching witt caps. 

6-82. Speclflcatlops of Steel for the Cape. The 
compositloa of tbe ateel for the caps is: car- 
boo, 0.90 to 1.00 percent; silicoa, 0.40 to 0.65 
percent; tungsten, 3.75 to 4.25 percent; sulfur, 
0.025 percent maximum; manganese, 0.45 to 
0.65 percent; ehromiam, J.70 to 0.S0 percent; 
vanadium, 0.30 to 0.40 percent; phosphorus, 
0.025 percent nuDdmeus. 
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All bars mvist bs thoroughly annealed to 240 
Brinell maxtmum. they ore turned and ground 
within Itmltn cl 1.431 inches and 1.435 inches. 
A dish Is cut from one bar at each heat and 
checked (o' surface decorburlsatjoa ocd struc¬ 
ture. 


a cap Is cut as shows Is figure t-37 and 
checked (or hardness it ths points Indicated. 
After hsrdeninc the cope ore cleaned, drained, 
rinsed, and blown dry. After drying ths cops 
ore shot blsatsd. 


hfachl.ilng Operations. Figure 8-39 shows 
the sequence ct machining operations on the 
cap. These are carried out on on 8-spindle 
automatic screw machine which indexes 85 
pieces on hour at a spindle speed of 188 rpm. 
On on automatic lathe, the cap is then faced oft 
at the point where it is cut atl from the bar in 
the screw machine. It is then notched at two 
points, 180* apart, and threaded for the wind¬ 
shield. 

8-84. Heat Treatment. The cops ore heated in 
on inducHon furnace to approximately 1,625*? 
and oil quenched at 140 to 180*F. Periodically 



I 



6-85. Matching and Soldering. After shot blast¬ 
ing, each cap is matched with a shot body upon 
which it must spin perfectly without czcssatre 
chiLroncs. The cap remains oa the body until 
ready for soldering. This is docs by placing 
the bodies sad the caps In an oven at 38S*F. 
The caps are fluxed and tinned, the body is 
Inserted in the cap and rotated alightly to cen¬ 
ter it, and the solder is allowed to aeC The 
capp^ Abot la then washed, the excess soldsr 
Is trimmed off, and the shot checked for con¬ 
centricity o< tbi cap threads with the bonnwlet 
and the tracer hole. A msgnaflnx test Is ap¬ 
plied to clteck for cracks. 

6-88. Finishing Operattoas. Ihe capped shot 
are washed, and buffed with a wire buffer. The 
shot are then banded and the band is marhlnwd. 
Care must bs taksa to clesa the copper out at 
the relief groore and to see that the tracer 
bole la clesa. The llnlshsd shot are glrea a 
final wash prior to Inspsctlca, which Inchirtes 
piglng of the bond, relief groowa, body disra- 
eter, depth of tracer hole, and wai^tt. The 
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lMuxi« ar* ttwa atracUied vttli Um G<nr«nu&«nt 
lot mxmber rjtd tfce rausdacturar'a lot miio^cr 
aad tn>«- Tba baad and th* tluraada vblcli an- 
gn^ Uw wiadaUay od tha dcm of tha cap ara 


taaaked and dtaa ahot ara aprayad vithi Laeqoar 
aad Udrarad dried. After dryloi; tba thread 
protactora ara removed azal the ahol ara packed 
wtth thalr wlndahielda, (<»■ ahipmaoL 
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THE MANUFACTUFE OF HYPEHVELOCITY ARMOR-PIERCING (HVAP) SHOT 


6-87. Components. The HVAP shot Is msde up 
of s tun({sten carbide core, s steel-banded 
aluminum body, an aluminum nose piece, a 
steel base, and an aluminum windshield. These 
parts are assembled to provide a light projec¬ 
tile with an extremely hard dense core which 
Is highly etlective against armor plate. 

6-88. The Body . The body of the shot Is a hol¬ 
low, aluminum-alloy cylinder, approximately 
two diameters long. A bourrelct of seamless 
steel tubing Is pressed oo the forward end of 
the aluminum body, and machined to ride on 
the lands of the rifling of the gun and prevent 
balloting. The forward portion. Just beyond the 
bourrelet, Is threaded to receive the aluminum- 
base alloy srlndshleld, and the same size of 
thread la provided at the rear of the body for 
the attachment of the steel bcse. The outer sur¬ 
face of the body la finish machined and the 
interior Is bored out to a diameter slightly 
under i Inches, to within 1 Inch of the front end. 
This forward (lortion is threaded Internally for 
the Installation of the nose piece, an aluminum- 
alloy die casting In which the |>oint of the 
tungsten carbide core rests. 


6-89. The Base. The base is a steel forging 
made from FS1314, FUlOlO, FS1020, orPS1315. 
It closes t.ie rear end of the body of the shot, 
to which it Is screwed and staked. The outside 
of the base la machined with a groove for the 
rotating bend and for the attachment of the 
cartridge case. \ tapered recess to the rear of 
the base provides a tolerance in machining to 
enable the weight of the shot to be held srlthla 
specified limits. A hols In ths bottom of this 
recess permits ths attschmsnt of a tracsr. 


6-90. Windshield. The wladshlsld Is s thin 
walled, dlc-cas^ alumlmim-sHoy cone which 
Is screwed to ths body. It streamlines the 
shot and locates the center of gravity of the 
projectile to the rear of the center of buoysacy. 
In the interest of stabiUty In flight. 


6-01. Assembly. This aluminum noseplecs, 
which engages the point of the tungsten esr- 
bide core, Is screwed up and tightened to 160 
pound-lnchea of torque. The core Is then la- 
sertsd and the base screwed and staked. 
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THK MANUFACTURK OF TUNGSTEN CARBIDK CORES 


6-M. Introdui’tion. Tuiigsten carbide cores are 
presently used in both HVAP and HVAPD3 shot. 
Although they arc quite expensive, no satis¬ 
factory substitute has been found as of this 
date. Their manufacture, similar to the pro¬ 
cess f'^Uoared for the production of commercial 
tungsten carbide, is described in the following 
paragraphs. 

6-03. Tungsten Carbide . Of the two tungsten 
carbides, only tne mooocarbide la used for 
manufacturing cemented carbides. This is pre¬ 
pared either by heating a mixture of tungsten 
powder or tungsten oxide, with a calculated 
amount of carbon powder in a hydrogen atmos¬ 
phere, containing carbon; or by heating tung¬ 
sten powder or oxide in a ctur^rlzing atmos- 
I phere. The carbon powder may be lamiiblack 
or sugar carbon. 

6-04. Milling and Blending. After the carbide 
has been formed, it is carefully crushed, milled 
and screened. Compositions of the various com¬ 
mercial grades are prepared by selecting meas¬ 
ured quantities of the binder metal (cobalt) and 


the carbide, ct carbides, and blending the 
mixture by ball milling. This can be done 
either wet or dry. 

6-95. Compacting and Sinterin g. Preparedpow- 
ders are formed into shape for use either by 
cold prcssln{'„ followed by sintering; or by hot 
pressing, during which the pressing and sinter¬ 
ing are done simultaneously. The material Is 
pressed into lisrd steel molds, at pressures of 
from 5 to 30 tons per square inch, depending 
on the size and sh^. Sintering Is performed 
at 1,400 to l,500*C. (2,550 to 2,730*F) for from 
30 to 60 minutes, in a protective atmosphere of 
hydrogen, containing sufficient carbon to pre¬ 
vent decarburization; or in a vacuum. During 
the sintering operation, the material goes 
through a plastic stage as s result of the for¬ 
mation of s eutectic, between the cobalt and the 
carbides, at approximately 1,350*C (2,460*F), 
thus wetting the carbide particles that do not 
dissolve. This eutectic becomes the cementing 
material, surface tension drawing the particles 
together. Alter cooling, the sintered product 
has its final properties. 
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THE MANUFACTURE OF BRASS CARTROXJE CASES 


6-WJ. Introduction. The following paragraph* 
describe the manufacture of the 120-mm brass 
cartridge case, M24, as pr.'<.cticed by the Chase 
Brass and Copper Company. While the methods 
used by other manufacturers may differ In 
detail, the process described may be con* 
sldered typical. 

The cartridge brass Is 70 percent copper and 
30 percent zinc. It Is rolled to a thickness of 
0.820 to 0.835 inch, and annealed to a grain 
size of 0.075 to 0.150 mm. The upper and 
lower surfaces of the rolled strip are scalped, 
leaving a finished thickness of 0.780 to 0.805 
inch. The strip is blanked to disks, which are 
then cupped and drawn four times, with inter* 
mediate washing, annealing, pickling, trimming, 
and lubrication. The ]ob is completed by head* 
Ing, saltpeter annealing, tapering, machining, 
and final edging. For the drawing operations, 
highly polished tungsten carbide dies are used, 
and are dry*soap lubricated. Heading, which 
proved troublesome because of tool breakage, 
is performed by means of a two*piece die, 
with a ring shrunk around an insert. Care is 
to be taken in handling the case to avoid dents 
and the consequent risk of excessive folding 
during tapering. A chrome flash is used on the 
tapering dies to avoid deposit of brass film. 

8*97. Blanking and Cupping. (See figure 6*28.) 
The blanks are sheared in a knuckle *Jolnt 
mechanical press from strip 14 inches wide. 
Twelve to thirteen disks, 12.18 inches Indlam* 
eter and 0.30 inch thick, are cut from each 
strip, giving a scrap loss of about 40 percent. 
The disk is then pushed through a die by a 
punch to form a cup 8.260 Inches in diameter 
and about 5 1/8 inches long. This cupping CHP* 
eration reduces the thickness of the metal in 
the bottom of the cup very slightly, while draw* 
ing it down to 0.613 around the lip. 

6*98. Drawing. (See figures 6*28 and 6-29.) 
After having been annealed and pickled, the 
cup is drawn out in four successive operations 
and two "edgings," or mouth trimmings, to a 
closed-end tube 32 3/16 inches long, with side 
walls which taper to a thickness of 0.042 inch 


and a head whose thickness is approximately 
the same as that of the original disk. The out¬ 
side diameter is uniform at 7.C04 inches. The 
first of these draws takes a 250-ton hydraulic 
press; the second calls for 200 tons; while the 
third and fourth require 100 tons. The css* Is 
edged between the third and fourth draws, in¬ 
stead of merely after the final draw, to re¬ 
move the "ears" or uneven mouth which are 
thought to be caused by "thick and thin," or 
eccentricity of the original cup. This causes 
the metal to tend to draw out more in on* 
place than another. Considerable force is nec¬ 
essary to strip the draw from the punch; if not 
cut off, the points of the ears would burr over. 

6*90. Heading. (See figure 6*30.) In order to 
form the head of the case and to secure the 
desired physical properties, l.e., a hardening 
induced irf cold work, the metal in the closed 
end of the draw is upsM in a powerful hydraulic 
press. Two steps, each req^ring a maxlnr.um 
thrust of 2,700 tons, are used. The heading 
tools consist of the punch, a built-up 'post* or 
support within the ease, and a die around the 
bead to control its shape as the punch zqueesos 
the metal radially (xitwards. The post consists 
of 15 spacers, held together with a tie rod. 
A built-up supixnt, rather than a solid post. Is 
used because of the relative ease with which 
these spacers can be heat treated to obtain the 
toughness and strength required to support the 
heavy punch load, as well as the flexibility In 
adjusting the beij^t of the post. Th* die is sup- 
p<^ed by s shrink lit ring. 

6*100. Tapering. (See figure 6-30.) In prepa¬ 
ration for tapering, a vent bole is drilled la 
the head In order to release the sir which 
would otherwise be trapped inside the esse by 
the liquid seller used for th* seml-annesl 
prior to tspering. In order to help gusrsnte* 
success in th* tspering operation, th* mouth of 
the case is chamfered inside sr.d out. The edge 
must be free of burrs, dents, and chatter marks 
which might start a crease, la the manufacture 
of this case, tapering is th* most troublesome 
operation. Tt» cast is thrust into the tapsrlng 
die by a 150-toa hydraulic press, sad removed 
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Fiftrt €-30. CartrUg* com* proctta drm mb it 


\/f a 2S-taa kooekont TUa cast hu thr«« dlf' 
{•rent dUiuatnl tapars. Aecordiosty* sim¬ 
plify crtndlnc and redoes toolmaklm coots, the 
die Is made In fire seotloos. Metsl properties 
required for saccessfoi tapeiiac sre (1) s 
mouth soft enough to vlthstand reduction; 6) s 
body ehich Is strong enough to resist the thrust 
cl the tapering punch and auflielently rigid to 
prevent the formation of pleats. Adequate lu¬ 
brication, to promote the flow of met^ in the 
die, must be present 

6-101. Hc^ Machlnlrrg and Stamping. (See fig¬ 
ure 6-30.) Ihe case la firmly clwped in s 
collet chuck and the head la machined In three 
operations. Ihe hydraulic knockout used to re¬ 
move these cases from the tapcriirg dU tends 
to distort the bead, hence, the customary prac¬ 
tice of machining the head prior to tapering la 
not followed. The ease is finished to length by a 


eontaor cutter, which chamfers the Inside and 
outside in OM operatlaa. Stamping, by means of 
a drop hammer, eoaeludes the machining ae- 
qoenee. It is dons after final inspection and 
identlllas tbs case as to manufacturer, year of 
mararfaeture, lot number, and the name atul 
designation of the compotwaL 

6-102. Annealing Operatioos. Reduclng-atnaos- 
phere, grm fired furnaces am used for the 
process anrmals. Tampemturas are held at 
l,2S<rF on all draws eaeept the last, which is 
l,150rF. Total time la the furnace la 70 min¬ 
utes for the cup and 60 minutes lor the draws. 
When It is necessary to soften only a portloo 
of the case, aaltpetiw’ anneals ture used. The 
case, after headlag. Is Immersed for 2 raln- 
utes, mouth down, to a depth of 14 to 14 1/2 
inches. In the aaouth anneal, the saltpeter Is 
held at around I7S*F; only about 5 inches of 
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th« c«M ar« lmin«rs«d. After ■tunpinc, the 
iioUhed cast U (ivao « tov'temperature, 
uM&l, at about SSO'*?,. to raller* 
tha loclcad'la atraaaaa which have baan held 
ra&pcralbU lor aaaaoa cracking. 

6-103. Ina jiactlqB Procedurea. Plant Inspectors 
have a~aciia<iula dimeoBlonal checks which 
ar« made at Tsiious stagaa of manufacture. 

Otivaramairt InspactlQn, in addition to checks at 
sise sad shape, involves certain physical and 
chemical tests. Under exposure to certain at¬ 
mospheres, cartridge brass will "season crack" 
U resickial stresras are present, la order to 
determine whether the stress-relief anneal has 
remar*ed these locked-ia stresses, two cases 
from each IcA of 5,000 are cleaned in nitric 
acid, rinsed, and Immersed la a solution of 
mercurous nitrate. After vaporising the excess 
moisture, a mercury depoelt is left on the 
case. Aj^ crack, which under normal conUl- 
tions would have appeared in five years, will 
develop under this teat. A Utmue-paper test 
la performed to determine the presence of 
residual aside or bases on ths intsrior or 


exterior surfaces of the ease. If no change in 
color of pieces of red and blus litmus paper 
occurs, after 30 seconds of sppUrailon to the 
surfaces, they are assumed to be neutrsL A 
test for cold shuts (fold-ins), at the interior 
radius of the head, is carried out cm one case 
per lot. A radial section Is cut from the base, 
polished, snd nitric-scid etched. The excess 
neld Is washed off and the apeclmea immersed 
In ammonium persulfate to accentuate ths grain. 
Microect^c examination then determines the 
depth of the cold shut. This may not extend 
beyond tangents drnsm to the Interlcm of the 
bnse and ttm nidesrall, ao that they Intersect. 
Rockwell B hardness should var- from 35 ne; r 
the mouth to 88 In the region of the head, vrlth 
an intermediate value of 84 at 23.5 iachea up 
from die head. 

Proving ground testa require that 

1. The case must enter the chamber of the 
gun freely. 

t. No flutes or cracks ahnll a^ar alter 
firing. 

3. Obturation must be antlsfactory. 

4. Sxtmctlon must be easy. 
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THE MANUFACTIfSS OF DRAWN STEEL CAHTRIDCB CASES 


Steel tor Cartridge Cas»3. Most steel 
>rtll]ery cartridge cases have the (oiloviog 
composition: 

Percent 

Carbon.0.35 to O.oS 

Manganese.0.60 to 0.90 

Phosphorous.0.040 max. 

Sulfur. 0.045 max. 

Silicon.0.10 max. 

The carbon content is determined by the phys* 
ical prce .irtles required in the lower sidewall. 
The steel Is .^pheroidixed befors the cupping 
and precupping operations, in order to increase 
the amount of deformation the steel will stand 
without fracture. The cold work to which the 
case is subjected during manufacture Increases 
the hardness, the ultimate strengih, and the 
yield strength so much that it is necessary to 
process anneal. The recrystallisatioa temper*- 
ture at which the effects of prior cold working 
are completely eliminated Is appraoclmately 
1,050'F. 

6-105. Steel Blanks. (See figure 6-81.) The 
steel cartridge case starts as a precut disk or 
blank of the prescribed dimensions. The ideal 
blank would to smooth on both sides and f ree 
from all surface imperfections. Since such 
perfection is impossible, surface defects are 
classified as those which iron out and those 
arhich do not. Among the latter are notches, 
which, during the drawing operations, may be¬ 
come stress ralsrrs. Disks having surface 
blemish s may to salvaged by grinding. 

6-106. Preparation for Cupping. The blanks 
are (1) rinsed to remove soap which may have 
besn picked up from the com'eyor workholders; 
(2) washed in an alkali cleaning solution to 
remove oil and dirt; (3) given a rinse with 
trisodium phosphate to remove the cleaner and 
promote unitorm soap coating; and (4) soap- 
coatad. This is done in one continuous opera¬ 
tion. Many lubricants, such as oils, greases, 
and graphitixed compounds have been tried as 
lubricants for die drawing operations, but it 
has been lound that the intense pressures of the 


tools during the cold-working operations broke 
through the lubricating films and caused ex¬ 
cessive friction. A layer of soap la easy to 
apply, remains intact du-ing the forming and 
drawing operations, and can to removed with 
hot water. 

6-107. Precup and Cup. (See figure 6-31.) The 
first drawing (^ratlcn in the manufacture of 
the steel cartridge case la the cup which forma 
the head and first few inches of the sidewalL 
This was formerly done tn one operation, but 
the common occurrence of fractun of the cup, 
especially when 0.30 percent carbon steel ris 
used, caused operatiott to to divided into two 
stages. Following the first of these, the "pre¬ 
cup," sn inspection determines whether there 
is any sign of a rupture or potential rupture. 
If none is observed, the precup is placed in the 
cupping die and tto punch carries the com¬ 
ponent through the die. Ironing out the sidewalls. 
Finished cups are Inspected for evidence of 
"tool loading," that is, the incipient or actual 
welding of steel particles from the cup to the 
die, punch, or stripper fingers. This may to 
caused by an Insdequats soapeoat, which leaves 
bare spots. 

6-108. Process AnaeaL The cold work on the 
cup distorts the ferrite grains and greatly in¬ 
creases the strength anl hardness of the steel, 
while St the same time drastically reducing the 
ductility of tto steeL Before any further work 
can to done the cup must to amwaled by beat¬ 
ing above the recrystaUixing *^emperature (that 
Is, by heating to around 1,150*F and holding at 
this temperature for five minutes). Until re¬ 
cently no attempt was made to control the at¬ 
mosphere of the annealing furnace, thus rvoid- 
Ing the formation of scale. Hecce It has toen 
n'cessary to "pickle” the cops In order to re¬ 
move the scale. While the use of a cwatrolled 
atmosphere does not entirely obviate the ne¬ 
cessity of pickling, Urn amount of scale formed 
Is coiL?lderably reduced; as Is the pickling 
time. Capital investmeiit In a cootrulled-atmos- 
ptiere furnace Is about 50 percent greater than 
In an air-atmteohere furnace, and there is still 
some uncertainty about the ultimate tufrantage 
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Figurt S-31. f*rofre$$iv« drawing of forming and machining operations required to mamfacture 
a typical steel cartridge case, from the blank to the finished case 


ol ucnla controL Sloe* iim preseucc ct aoupf 
lUm on the compcMots during aniwallRg would 
produce bard seal* depoaita, which would Im 
dtlllcuU to remora In the pickling bath, the cupa 
are thoroughly waabad to remora all aoao prior 
to annealing. 

0>1O9. Drawing. Prior to drawing (ligure 6-91), 
the cupa are phosphate coated and then aoeip- 
coated. The phoaphate acta aa a boat to tte 
»'ap, which la uaed as a lubricant to prerent 
metal-to-metal contact during the drawiag op> 
eratlons; the latter progressively reduce the 
thickness and length at the aldewalL the num¬ 
ber d draws required depends on the total re¬ 
duction in wall tUckness from ctip to finished 
case. Each draw is designed to produce a re¬ 
duction of appimlmately 40 percent, which is 
the maximum that can be sustained without 
causing excesalTS rarlatlon in the thickness, 
or a fracture, at the sidewalL Conseenttre 
draws may be made without Intermediate tu- 
biication 11 the total reductioa la limited to 
70 percent. 


8-110. Trimming. Between draws the mouth 
ot the case is trimmed to eliminate "dead 
metal," which dereiope because, during the 
draw, the outer surface ot the ease elongates 
more than the inner surface. Bence the lines 
d grain flow curve inward near the Up of the 
case and show end grain on the Inside ot the 
ease. This weakens the steel, and may cause 
circumferential rupture. Another purpoee of 
the trim, particularly after the final draw, 
and before and after tapering, is to secure 
unifoxmlty in the length d the sidewalL Trim¬ 
ming is done both by a nibbling operatloo, which 
nheara the surplus metal in a series of strokes 
of a cutter while the case is mounted on a 
mandrel; and by a rotary trim before the 
taper. The rota^ trim produces a burr-free 
edge; the shearing aetlaa of the nibble trim 
produces burrs srhieh necessitate a mouth 
ream to prevent scratching of the chrome 
plating of the punch dnring the subsequent 
draw. U the steel is process annealed, there 
is very little risk of trouble except in the 
ease of eonsecidlTe drawiag. 




8-1 il. Prfhft d and F in al H ead. (S«# fljfur# 
6-31.) Coid-workfd itret ts much mbrt "notch 
sensitive" than brass; therefore, all stress 
raisers must be eliminated, especially from 
the internal radius of the head. Actual cold 
shuts in this sees may be tolerated in brass 
cases, but in s steel cartridf^e case, ballistic 
til>are could result. The steel cartridge case 
is headed In tvo ot>eratioiu. The prehcadiiHt 
operation, by g^athering metal at the center of 
the head and at the periphery, redistributes the 
metal in the head ^ the case to facilitate the 
formation of the primer boss and the flange 
during the final heading operation. Preheading 
Is done by a heavy squeeze In s hydraulic or 
knuckle-t^ press between a stationary post 
and a die mounted on the face of the ram of the 
press. Final heading forms the flange of the 
case and the primer boes, and shapes the en¬ 
tire Interior ^ the head. Heading Is a critical 
operation, sines roughness of the internal ra¬ 
dius of the head may raise the stress in the 
steel during firing to s point where the head 
separates from the body. 

8-112. Piercing the Primer Hole. Using a 
mechanical press, the primer hole is pierced 
in the boss ci the cartridge case. Piercing at 
this stage makes it possible to finish-machine 
the primer pocket during the machining of the 
he'd. Formerly, the primer hole was pierced 
after the taper trim. This necessitated the use 
of air vent tubea la the salt pot used for the 
taper stress relief. Iliese air vent tubes per¬ 
mitted the escape of the air from the inside of 
the case when the cases ware dipped, mouth 
down, into the molten salt; the trapped air es¬ 
capee through the primer hole. Following the 
piercing operation the case is passed through a 
combination wash and pickle machine, where 
the sonpeont, phosphate coatlr.g, and incidental 
rust are removed and the case is thoroughly 
dried preparatory to heat treatment of the 
sldewalL 

8-113. Sidewall Heat Treatment. The amount of 
elastic recovery of the cartridge case after 
firing depends primarily on the elastic limit of 
the steel in the sldewaUs. If the clastic limit 
Is low, there will be more plastic deformation 
and consequently a smaller recovery. Since it 
is difficult to develop the requisite mechanical 
properties in the sidewalls of the steel case, 
especially the critical region near the head, by 
cold work alone, this portion is iaducUon 


hardened and temperfd. The Induction coil 
raises the case to a temperature of 1,700 to 
1,800*7. This la followed by a quench with 
large volumce of water, preferably ipplied to 
both Inside and outside of the esse. 

8-114. Magnetic H ardnee s Test. To -ck on 
the heat treating, ail cases are tasted (or hard¬ 
ness in a magnstic hardness comparator. A 
standard case of known hardness is mounted 
In one Induction colt nhlls the case under test 
is Inserted in a similar coll. The standard cofi 
and the test coil form two arms of a Wheat¬ 
stone bridge. If the magnetic cbaractsrlatlcs 
(dependent upon hardness) of the case under 
test differ from toe standard, the bridge will 
be unbalanced and an output voltage will appear. 

8-115. Heat Treatment in Preparation for 
Tapering . The cold work In the final draw 
raises the haittnesa of the case to around 
08 Rockwell B, but at Uia same time materially 
reduces the amount of deformation the steel 
can withstand as a result of further cold work. 
Sines the tapering of the cartridge case Im- 
poees severe strains on the steel at the side* 
wall, beat treatment is required. To obtain 
maximum increase in percentage elongatiaa 
without appreciable Ions of hardnese, a tem¬ 
perature between 1,000 and 1,050*7 Is re¬ 
quired. II the temperature la allowed to liae 
to 1,050*7, recrystalllzatlon takes place and 
toe steel loses much of Its hardness and yield 
strength. The ease Is therefore ImsDerse^ up 
to toe region that was hardened by Induction 
heating, in a salt pot at 1,030*7. It is held 
there, mouth down, tor a period of four or five 
seconds. 

8-118. Tapering. (See figure 8-31.) FoUowlag 
toe low-temperature stress relieving operation, 
pickling for ton removal of scale, and U.* ap¬ 
plication of a coat of soap to ton outside for 
lubricatics, toe case is tapered. This operation 
develops ton final cootoiir of ton body section 
by forcing ton case into a tapared die la a 
vertical hydraulic press. ‘Not sll icssss sne- 
csssfully withstand this trsatmsnt.' Among the 
rasaltaid defects are (1) "flutlag," a wavtaeas 
of the sidewall artslag from InndMiasto stress 
rtUsf, fsllnrs of ths sospy lubricant, or ths 
plugging of ths air rsilsf vshts in toe die; (2) 
"wriakles,” an aggravated fcjrek of fluting; (3) 
collapse of toe body of the case, often caused 
by s rigged moutt giving rise to high lorallied 
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(4) aearlm br ^ tools; ssd 

(I) strstchsr strslss, a patters oi Utadar'a 
Uaas •(SMtliaaa obaarrtd oai Om surfaea of 
aeft ataal sub}aetad to cold work. Strstebar 
atralaa iaitieata that atrsaa rsltartaf baa baas 
orertkM; Um tastparatura baa rtaaa atoora 
l,oao*F, racrystaULantloa ol tba ataal haa takaa 
ptaca, aad tiia bardaaaa at tba body may ba 
balow apaeilichtiaBS. 

•>in. M«f Hta'na Oparatloaa on tha 3aad and 
pa tha WK*h. CSaa ti^ora 6-31.) Tba cartridge 
easa la tboroogbly sraabad aad driad, ao tbat it 
eaa ba bald aaaaraty durtag autcblniag. tt ta 
tbaa laapactad aad dafactlaa casas ara rajactad 
bafora macblatag. Tba baad of tha eaaa, tba 
naaga, tba aboaldar, tha prlmar hoia, aad tha 
■Mutb c( tha eaaa ara tlalab machiaad oo a 
apacial latha, which auy ba of ooa at two 
t^a: (1) a alagla-apladla, eantar-drlra latha, 
or (2) a multl'splaila machlaa. Iba alogla' 
apladia maehiaa' la prafarrad bacausa at lower 
Initial coat and graatar ccatvaniaacc. Iba cold- 
worked atroetura of a ataal cartridge case 
praaaata dilflcuttias la marhining. Tha material 
la aaeaa>tiiigty tough and produces long, stringy 
chips which ara hard to handle. Following 
amchlning, tha cases ara 100 parcaid inapactad 
lor aisa and shape. Iba mouth d tha ea la ta 
than rsslaad to tha correct dltnansioiia by hold¬ 
ing tha case ia a special fixture and lorilng i 
alaing plug into tha mouth to a depth at one 
inch. Tba case ia tapered slightly undarslsa, 
aad than raslxad altar machining, la order to 
iasura ita passing tba chamhar gaga inapbctiam 

•-lit. Mouth AnnaaL Tba last production op¬ 
eration on tha case prior to a^^catioa of tha 
protaettTa coating ia a monta anneal to ia- 
craaaa tha ductility at tba steaL Tbla la dona 
for two reasons: (1) unVass raliavad, tha high 
yield aad low parceotaga alorgatlon charactar- 
iatic G< cold work may causa tha mouth to split 
on firing; (2) if tha case is attached to tha Shall 
by crimping, aottanlag of tha mouth la eaaantiaL 
Crary hall hour, a mouth-anDaUad caaa la re¬ 
moved from tha production liaa and given a 
Rockwall test at live polnta ia tha annealed 
sane to detaruina whether the hardness meats 
BpacillcatianB. 

6-119. Goaemmeat latarmadlata InapectloB. 
Altar all aunufacturlng and washing opcratloua 
have bean ccmplatad ia preparation for tha 
plicatioa of tha protacUva coat, GoTcminaat 


ta a pact o rs amks the final acceptance gaging of 
tha case. InspaetiaB before coating not only 
avoids daauga to tha cost, but in tha event that 
a tot ta raiactad it obviates tha need to remora 
dw varnish or tine plating before raprocaastag. 
Govanunaat tdarmadiata iaapaetion procedure 
iavolvaa iaapaetion of cartridge cases ia aub- 
lota of approaimataSy 2,000 cases. AccapUbiUty 
of each auhlot ia determined from aa inspection 
of about 100 cases from eac^h. If tha first sam¬ 
ples from s sublot cordala more defects, of 
any kind, than permitted by standard sampling 
limpection tables, a second aample, twice the 
aiae at the first, la taken and inspected for tha 
elaaa of defiacta which ware tha causa of ra- 
aampling. If tha defects of the second aample 
are too numeraua, the entire sublot la rejected. 

6>120. Protective Coatings. Two types of pro- 
tactlve coatings are used oo steel cartridge 
cases, xlne, or phenolic varnish. Zinc la pre- 
acribed by tha Navy and varnish by tha Army. 
Tha cases are prepared by removing scale, 
formad during tha mouth asnaal, as wail aa 
shop dirt and any traces of machming oiU Tha 
vamiah coat is uniformly applied by dipping. 
After dipping, the coat is air dried prim to 
baking, la order to avoid thin or bare spots 
reauttiag from flow of the varnish oo first 
contact with the heat of the oven. The phenol 
formaldehyde resin vamiah specified for this 
aerrlce bakes by {Kdymerlsatlon at a tempara- 
tora of 400*F. Tte vamiah eaaa is taatad by 
jiMurlng 3 liters of Ottawa sand upon the ia- 
cUaad aidemll through a vertical tube, 3 feet 
long, located 1 inch from the eaaa. The area 
abraded must not exceed a apeelfled limit. 
The baking at 400*? also serves aa a low- 
temperature ctreu relief which protects against 
rapture during firing, but does not appreciably 
lower pfayalcal properties. Caaea which are to 
ha sine plated are stress-relief annealed afte«* 
the taper but before plating. Before xlnc coat¬ 
ing, the case la cleaned electrolytically in aa 
alkaline bath. Aftar rinsing, aad u acid dtp to 
neutraliaa all traces cC the alkali cleaner, the 
outside and inside of the caao are plated to a 
thicaness of 0.00015 to 0.00020 inch. 

6-.131. Final Inapectlona. These are made both 
by the manufacturer and by the GoveraaMnt. 
The iaapectlon by the manufacturer ia pri- 
aaurily vlauaL Scratches, cuts, dents, lamina- 
tioos, aad other blemishes cause the case to be 
set aalde for possible salvage. Tha laspector 
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ia also on U-t lookout (or coating defects, in¬ 
cluding blisters, unevenness o( varnish coat or 
sine plate, and bare spots. A rrrheck oi hard¬ 
ness, In the magnetic comparator, Is also made 
to make sure that no case slips through without 
being properly heat-treated. The final Govern¬ 
ment Inspection is similar to the Intermediate 
(paragraph 0-119), except that this time 300 
samples are selected from a lot of not over 
2S,'000 cases. Included In the Government'r. 
(Inal Inspection is a Rockwell hardness test 
applied to 10 cases per lot, failur.. of 1 case 
in the group is cause (or rejection of the en¬ 
tire lot. The manufacturer may request that 
a second group of 10 be selected. Another 


failure means rejection of the lot without 
further appeal. 

C-123. Hea d Stamp and Packing. The head at 
the cartridge case ia stamped by the manu¬ 
facturer with the lot number, the component, 
the code designation of the manufacturer, and 
either the Ordnance bomb or the Navy anchor 
to signify sc.eptance of the lot. Two percent 
cf the stamped heads srs then checked with s 
special head thickness gage to Insure that the 
stamping ridges srs not excessive and that the 
head naa not been distorted. The finished cases 
are then packed la corrugated paper cartons 
(or shipment. 
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THE MANUFACTURE OF TRAPEZOtDAL-vmAPPKD STEEL CARTRIDGE CASES 


6-123. Iptroduction. Th* (ollowinf piLra^raphs 
d«scrib« th* miuiulactur* o! th* trap*EQid*l- 
wripp*d >t*«l cirtrldg* cm*, 120-min, M24E1, 
u prfcctlCKl by th* Murray-Ohio Corporation. 
Th* mathoda described are typical o( th* manu¬ 
facture of this type of case. 

In order that this type of cartridge case may 
be the equiralent, in all respects, of the stand¬ 
ard brass case, the following characteristics 
must b* malntaLned: 

1. Stable dimensions, with emphasis on the 
region of engagement with the gun, head en¬ 
gagement, and datum diameter 

2. Uniform internal volume, to accommodate 
the exact quantity of the charge 

3. Good obturating quality 

4. Free axtd uniform ejection 

9. Resistance to weeihering effects of th* 
elements. 

6-124. Th e Body of thv> Case. This is mad* 
from strjndrrd mill toler.nnc* steel sheet (SAB 
1006) sheared sod trimmod to a trapesoidal 
blank (figure 6-32). Th* bla.nk is roiled into an 
open-ended, tapered cylinder, and expanded by 
hydraulic pressure against th* walls of t die, 
and tack-welded at top and bottom. The wrapped 
sheet comes from th* rolls rathv'^r locee, with 
th* upper and lower edges of th* trapeaoid 
forming th* mouth and th* base, reepectlvsly, 
so that there is a single wrap at the mouth and 
several wraps at the bac*. Before wrapping, th* 
sheet is washed and varnished oa both sides. 
Since th* varnish has a tendency to age harden, 
th* sheet Is worked Immediately after baking. 

6-125. Rough Rolling and Expanding. The trap¬ 
esoidal "liheerii'Toup^'ToIIecniira specially 
bulk machine. One end of th* long lower edfte 
of th* sheet is entered between the first and 
second rolls, these are backed up by a third 
roll, which turns the sheet around uto a 
tapered cylinder. Tb* "wrap-up" is then low¬ 
ered Into a die over a rubber bladder. After 
th* die Is sealed, hydraulic fluid pressure at 
1S,(XX) psl presses th* bladder against th* in¬ 
terior ot tb* case and expands the case against 
the walls of the die. A weU-defix>ed offset at 



—- •*r 


Figurg 6-32. Body layout 


th* lap seam (in other words, a smooth cloeur* 
on th* outside of th* cm*) tnu.cstes good work¬ 
ability of th* metal. Following expansion, th* 
bodies are tackwelded at th* top and at th* 
bottom of th* seam with a 1/4-inch long bead 
to hold th* case to its expanded siac through 
th* subsequent spinning operation, which turns 
over th* lower Up of th* case to fit into tb* 
head. 

8-126. Spinning th* Lower Lip. A slx-Jawed 
collet chuck, carried by a lathe spindle, closes 
the coiled body upon an expanding mandreL 
An air-operated pusher head, mounted on the 
lathe tall stock, is used to push th* work into 
th* collet A motor-driven mechanism on th* 
lathe carriage causes a flanging roller to move 
over a series of fixed paths, which progres¬ 
sively form th* flange in a series of "passes." 
lb* collet is provided with an ejection arrange¬ 
ment, which pushes th* work forward as th* 
coUet opens and permits its ready removal 
from th* spinning lathe. For some types of 
cartridge case, th* flanging may be don* prior 
to expansion, instead of afterwards, as in this 
case. 
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®-J27. Cotr.plftlon of th^ Ai**mb>y . Th« bM«, 
or haad, d Lht cu« is but-ni outTrom SAC 1545 
■tMl platt which la ground and machined, then 
faatened to the body (figure 8-33). The aeverat 
parta of the head aaaembly are enameled and 
baked to protect agalnatcorroalon and weather* 
Ing. 

I-118. Advantagse of Wrap-Up Caaea . Wrapped 
cartrld^ t.aaea date back to an 1868 V. 3. 
patent. ApparenCe tht problem of aecllng ted 
to abandonment In fa'or of the drawn caae, (or 
walch hydraulic preaa capacity had to be pro¬ 
vided. The wr«pp^ caae doea not require theae 
preaaea. Recently, the development of *he 
rheet-melal Induatry and the expansion of ateel 
aheet capacity h^Ji paved the way (or the aolu- 
tlon of the malor probiema of design and pro- 
diicUoo. Theae are principally the flanging of 
the lower Up and the expansion and locking of 



figurt 6-33. l30-mm case asstmbly 


the caae itself. The other processes Invotvad 
la this mathod ara not fundamentally complex. 

6-139. Facllltlee. The Initial coat of produc- 
tlon-Uae machines for wrap-up cases la small 
compared with that for cup-and-draw. Thay are 
not highly apeclaUaad, and ara to ba found In 
many ahaet-matal works. Lass spoca la ra- 
qulred, hanea produetioa Uota for trapaxoldal- 
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wrappad eaaas can be aet up, la diaparaed 
artas, in a vary abort Uma. Slaca no hast 
treatmant la required anywhere u the pro¬ 
cess, the expensive (urnaeee, with their ex- 
actliy xoidrola, are eUmlaated. Hardness 
checklim la not aaceasary, aad tha highly 
qualUlsd iaapsetioa perioonat normally re¬ 
quired for this service ere not needed, la 
general, since the wrapped caae Is made from 
standard roUad aheat, requirlof Uttla attentlan 
to avciid minor Imperfections, tha care which 
le exercised to avoid tiny flaws or under¬ 
surface imperfections (cauaiag baiUetic (all¬ 
ure) la the drawn cans ia unnecMsary. Thua 
Inapectloa coota are held to a minimum. 


6-130. P>rfr.rm«nf<. ExperlSDCS la the Koreta 
war demonstrated the acceptablUty of tha 
wrapped ease. The only malfuactions repwted 
concerned certain undesirable characteristics 
of the nitrocellulose lacquer coatings. This has 
slnca been corractad. The flexibility of thlc caae 
gives It ta advantage over the drawn cans, es¬ 
pecially those drawn from atasL The spiral 
aaam, acting an an expansion Joiat, aaablaa it to 
fill the chamber without rupturing. The multl- 
compooent conatructloa of thin caae offers ad- 
vant^es la eahrage. Since the bane la faataaad 
to tha body by slmpla threadad attachmeota, 
batUa aahraga of the baaas (which repraaaat a 
substantial portion of tha manufacture cost 
of tha eomplata eaaa) is a daflnita posaiblUty. 
Balng (lar, they are easily shipped. Tbs body 
•lould also bs ahi.ipsd flat, or amrely regardsd 
as expaadabls. 

6-131. laapectloo. Body stael Is checksd for 
thlckasss aad hardnsas. Altar rough roUlagi 
the body is visually examlasd for flutss, aad 
to ees that no Isaf extends auire than 1/8 inch 
above mating leaves. Bases ars spot checks 
(or blemishes aftsr grlndinc* Goverameat la- 
specaoB iaelitdes tht aormal slxs and shape 
gage checks. 
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THE MANUFACTURE OF PERF(»ATEO CARTRIDGS CASES 


6>133. Intnxtuction. The rnanufacture of per- 
lorateJ cartridge caaes (ligure 6-34), used in 
recoilless weapons, is similar to Ur* nr.ethod 
used (or (he manufacture of any drawn case, 
with the (oUowlnf exceptions. 

1. The perforations are punched prior to the 
f’nal tapering. 

3. After the final tapering, the inside of the 
case is shot-blasted to Insure a smooth in¬ 
terior. 

3. Tiie lr.apection procedure includesacheck 
for alinement of the perforations. 

6-133. Perforating. In the earlier stages of 
development of this type of cartridge case, the 
holes were drilled. Ihis piactlce was too slow 
for quantity production, and has since been 
supplanted irj multiple punching along the lorgi- 
tudinal axis. The case la supported internally 
by a sliding wedge and anvil, which are ex- 
pimded by air pressure after insertion in the 



Figur* e -34. Ptrforattd cartrU^t COM* 

ease. The case rests in a shoe, or cradle, 
during the punching operation to enable it to be 
indexed for successive rows of perlorati<»s. 
A complete row of punches descends at a single 
stroke and punches the holes through the die 
bultons in a die holder on the anvil. A blast c< 
air blows the chips out of the anvil throi^ a 
chip receiver pipe. An automatic Indexing de¬ 
vice then turns the case and moves it longi- 
tudinaUy in order to stagger the rows of holes. 
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